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TESTS OF A SUCTION GAS PRODUCER 
I. THEORETICAL DISCUSSION 


1. Introduction.—The chemical reactions occurring within 
the fuel bed of the gas producer, while well understood by the 
metallurgist and the gas engineer, are probably not so clear to 
the mass of mechanical engineers. Hence, it may be pertinent in 
the presentation of the results of these tests, to review briefly the’ 
theory involved in the conversion of a solid fuel into a gaseous 
fuel through the agency of the gas producer. 

2. Simple Carbon Monoxide Producer.—In its simplest form, the 
gas producer consists of a closed retort in which carbon is burned 
in a limited supply of oxygen. Tig. 1 illustrates sucha producer. 
Air enters the retort at the base, and passing up through the 
grate into the bed of incandescent fuel, comes in contact with the 
carbon in the lower zone of the fuel bed, where the oxygen of the 
air unites with the carbon to form CO,. The formula expressing 
this reaction is: 

CFE 5 CO d: setie oso 4 vo ee 
Since the atomic weights of carbon and oxygen are, respectively, 
12 and 16, the above formula indicates that 12 parts by weight 
of carbon require 82 parts by weight of oxygen and that 44 parts 
by weight of carbon dioxide are formed; i. e., 


C+0,= CO, 
IDoe ae) = aul 
or 1 + 23 = 33 


This reaction is exothermic, i. e., it gives out heat, the amount 
of heat given out being 14540 B. t. u. per lb. of carbon. 

The CO, formed, remaining in contact with the incandescent 
carbon, begins immediately to take up more carbon, since at tem- 
peratures above 1100°F., the CO, becomes an oxidizing agent. 
This reaction is expressed by the formula: 

COSCON 2 COLT i er ce 
which is reversible, i. e., it may take place in either direction, de- 
pending upon the temperature. 

The above formula shows that 44 lb. of CO, unite with 12 lb. 
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of C and produce 56 lb. of CO. Thus: 


co, + C =2 CO 
44 + 12=56 
Be 143 
This reaction is endothermic, i. e., it absorbs heat from the fuel 
bed. The amount of heat absorbed per pound of carbon taking 
place in the reaction is 10100 B. t. u. 


YL? 


Fie. 1 


As the 10100 B. t. u. represents also the amount of heat 
that would be given out on combustion of the CO formed, the theo- 
retical thermal efficiency of the carbon monoxide producer wili be, 
therefore, if all of the carbon is assumed to be converted into 


10100 
carbon monoxide, 14540 69.5 percent. The remaining 380.5 per 


GARLAND-KRATZ—TESTS OF A SUCTION GAS PRODUCER 5 


cent of the heating value of the fuel has been lost in radiation, 
conduction, and in sensible heat in the gases leaving the producer. 
The gas will consist of CO and Ny. 


3. Producer Using Water Vapor.—In the actual commercial 
producer, the loss in sensible heat inherent in the simple carbon 
monoxide producer is reduced by utilizing this heat in the decom- 
position of some other agent, either the vapor of water or carbon — 
dioxide, introduced into the fuel bed with theair. The water vapor 
is usually supplied by evaporating water either in an external 
boiler, which utilizes the sensible heat of the gases leaving the 
producer, or by some form of vaporizer in the form of a water 
jacket surrounding the fuel bed, and utilizing the heat from the 
fuel bed for the vaporization of the water. The steam generated 
in either case mixes with the air entering the producer, and 
passes with it into the fuel bed. 

The reaction between the carbon and oxygen of the air has 
been considered, and it has been pointed out that for each pound 
of carbon burning to carbon dioxide, 14 540 B. t. u. was given out; 
also, that if this carbon dioxide were decomposed into the monox- 
ide, its formation would take up 10 100 of the B. t. u. originally 
given out. Consequently, 4440 B. t. u. would be left in the form 
of sensible heat, part of which might be utilized in the decom- 
position of water into oxygen and hydrogen. The hydrogen lib- 
erated through such’a reaction would pass through the fuel bed 
partially intact, thus adding a combustible constituent to the gas, 
while the oxygen would unite with the carbon to form either the 
dioxide or the monoxide, depending upon the temperature at 
which the reaction occurred. It is considered, ordinarily, that 
the following reactions occur within the producer when the vapor 
of water is introduced with the air, viz: 


2°5H(O-- C= 2H COn..cs4 ., eee eee) 
and HeO4 © by CO in a ee 


Reaction 8 predominates in the region of low temperatures be- 
tween 1000°and 1600° F. Above 1600° F., reaction 4 predominates. 
At a temperature close to 1000° F., there will scarcely be a trace 
of reaction 4. If it is considered that the fuel bed is of a uniform 
temperature, in the neighborhood of 1000° F., so that reaction 3 
holds, the following relation exists between the constituents en- 


6 ILLINOIS ENGINEERING EXPERIMENT STATION 


tering into the reaction. 
36 1b. of water-+ 12 lb. of carbon produce 4 lb. of hydrogen 
and 44 1b. of carbon dioxide, i. e., 


2H,O+C= 2H, + CO, 
86 +12 =4+ 44 


or 
8 +1=4-+ 33 
d 1 lb. of carbon burning to CO, liberates 14540 B. t. u., 
ae 1 lb. of hydrogen burning to H,O liberates 62000 B. t. u. 
‘ ; 62 000 
Since $ lb. of hydrogen is formed through this reaction,—~3 = 


20660 B. t. u. disappears or is absorbed. For each pound of car- 
bon entering into the reaction, 20 660 — 14540 = 6120 B. t. u. dis- 
appears. Evidently, the above heat deficit must be supplied by 
additional carbon in the fuel bed burning to CO, through the pres- 
ence of oxygen supplied in the air and according to reaction (1) 
C+0,=CO,, since for the assumed temperature of the fuel bed, 
it will not be possible for more than a trace of the carbon monox- 
ide to form.* 

From equation (1), 14540 B. t. u. is liberated per pound of 
carbon, thereforesoo >= .42 lb. additional carbon, burned to CO,, 
is necessary to supply heat for the completion of reaction 3. 
Consequently, 1.42 lb. of carbon are necessary for the formation of 
$ lb. of hydrogen, all of the heat of the carbon being utilized in 
the production of hydrogen, which is the only combustible con- 
stituent of the gas, the other constituents being CO, and Ng. 

In considering reaction 4, which predominates at the higher 
temperature, it will be well to refer again to the experiments of 
Harries. 


*Hab3r’s ‘Thermodynamics of Technical Gas Reactions’’, page 138. 
This has been illustrated very clearly by the experiments of Harries. Harries passed 
water vapor over incandescent carbon in a tube at various temperatures and found the relation 


between the CO, CO2, H20 and H2 in the resulting gas. At a temperature of 1240° F., the follow 
ing results were obtained: 


H2 ver cent = 8.41; CO2 per cent = 3.84; CO percent = 0.63; H20 per cent = 87.12 


The extent of this reaction, doubtless, depends not only upon the temperature, but also upon 
th: time of contact of H20 and CO2 with the carbon, and while the latter variable has evidently 
been neylected in the experiments, the results are sufficiently decisive to justify the above 


assumption that at the low temperature, the percentages of CO formed will be a negligible 
quantity. 


\ 
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Ata temperature of 2050° F., the following relation was 
found between the constituents of the gas leaving the tube, 


H, per cent = 50.730 
H.O per cent = 0.3803 
CO, per cent = 00.600 
CO per cent = 48.340 

99.973 


This clearly illustrates the predominance of reaction 4, 

If it is assumed again that the temperature throughout the 
fuel bed is uniform and is such that only reaction 4 occurs, we 
have 

18 lb. water + 12 lb. carbon producing 2 Ib. hydrogen and 
28 lb. CO 


or 


H,0 + C = H, + CO 
18 +12= 2 + 28 
or 
ee ees 
1 lb. of carbon burning to CO liberates 4440 B. t. u., 
and 
1 lb. of hydrogen burning to H,O liberates 62000 B. t. u. 
62000 
6 
= 10330 B. t.u. A deficit of 10830 — 4440 = 5890 B. t. u. re- 
sults. This may now be made up by carbon burning to CO 
through the oxygen supplied in the air according to reactions 1 


Consequently, the formation of ¢ lb. of hydrogen absorbs 


and 2. For each pound of carbon burning to CO 4440 B. t. uuis «| 


liberated. Consequently, in order that reaction 4 be completed, 
5890 
4440 
the burning of 2.33 lb. of carbon to CO results in the production 
of + 1b. of hydrogen. 1% lb. of water are theoretically neces- 
sary, or .64 lb. of water per lb. of carbon. 

The gas resulting from the above reactions consists of CO, 
H,, and N,. The percentage by volume may be obtained in the 
following manner: 


Total weight of H2= 4} lb. 
Total weight of CO = 2.33 x 2} = 56.44 


= 1.33 lb. of carbon must burn to CO. The total heat from 
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Total volume of Hz at 62° F. and 30 in. Hg. = 4 + 0.0053 = 31.5 cu. ft. 
Total volume of CO at 62° F. and 30 in. Hg. = 5.44 + 0.0736 = 74.00 cu. ft. 
Total volume of Oe from air 1} x 1.33 + .0842 = 21.1 cu. ft. 

Total volume of air Dipl == Os2/1e— 10053 Curative 
Total volume of N =79.2 cu. ft. 
Total volume of gas leaving producer 31.5 + 74 + 79.2 = 184.7 cu. ft. 

Total volume of gas per lb. of carbon 184.7 -- 2.33 = 79.3 cu. ft. 


Theoretical Gas Analysis High Heating Value 
B; tu. per cus its 

ists PRR GAMi— Ne ocs Gasepenccoosocasue catscgoecs eo sede 55.8 

CO sper centi==-40 Or er iccite see ee ee meee ee 127.8 

Wp [eee CAlie= SAL po acasudeatpooogonoadubenudouas Sood odd> 000.0 
—— total 

183.6 


4. Conditions in the Actual Producer.—In the actual producer, 
reactions 3 and 4 are doubtless taking place continuously in dif- 
ferent parts of the fuel bed. It would hardly be possible to operate 
a producer at so low a temperature as to produce the results ob- 
tained according to reaction 8. It would be impossible to operate 
at such a temperature as to prevent reaction 3 occurring. 

The conditions that probably maintain are as follows. ‘The 
moisture laden air, comparatively cool, passes into the fuel bed; 
on entering, it cools down the first layer of fuel, or the combus- 
tion zone, as it is usually called, to such an extent that reactions 
1 and 8 probably result, part of the oxygen supplied by the air 
uniting with the carbon to form CO,, while part of the moisture 
decomposes and forms H, and CO,. 


The carbon dioxide, formed according to reactions 1 and 3, 
passes up into the hotter portion of the fuel bed and takes up 
other atoms of C to form CO, according to reaction 2. The moist- 
ure which is not decomposed and the O, which is not combined in 
the combustion zone pass into the hotter portion of the fuel bed 
known as the decomposition zone, or dissociation zone, where re- 
actions | and 2 probably take place in immediate succession, in 
the case of the oxygen, while part of the moisture is combined 
according to 4, producing H, and CO. The gases leaving this 
portion of the fuel bed are therefore composed of H,, CO, CO, 
and small quantities of O,, and vapor of water, the last two 
constituents having either passed through the fuel bed intact or 
having resulted from dissociation. Theoretically, at the higher 
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temperatures there should be only a trace of CO,; actually, 
this quantity will vary from 2 to 17 per cent of the volume 
of the gas, depending upon a number of conditions. The 
gases passing from the dissociation zone or layer of high 
temperature enter into the distillation zone, which is at a lower 
temperature, and which is so named for the reason that in this 
zone the volatile matter is distilled from the fresh fuel by the hot 
fuel bed beneath. This volatile matter for anthracite coal con- 
sists of small quantities of H,, H,O, CH,, C,H, and condensible 
hydrocarbons in the form of tar, etc. The CH, and-C@,H, initite 
producer gas made from anthracite are inconsiderable; the former 
will not represent more than 2 per-cent of the volume of the gas, 
while the C,H, will probably not exceed 0.1 per cent by volume. 
The condensible hydrocarbons are also inconsiderable. 

In producer gas made from bituminous coal, these distilla- 
tion products may represent 40 per cent of the heating value of 
the gas, and are not only desirable but necessary constituents, 
when the gases are to be used for reverberatory and other metal- 
lurgical furnaces where high temperatures are desirable. 

The following reaction, which may occur between the con- 
stituents of producer gas, is reversible and depends upon the 


temperature. 
CO] 10 =CO, + Ho... e oo 
From the results of Hahn’s' investigations, it was shown 
that at a temperature of 1520° F., H, and CO became equally 
strong reducing agents. At lower temperatures, the carbon mon- 
oxide is the stronger. This means that if the gases on leaving 
the dissociation zone enter a zone at a temperature lower than 
1520°, there will be a tendency for the CO to react on the water 
vapor present and form CO, and Hy. At higher temperatures, there 
will be a tendency toward the formation of CO and water. The 
velocity of the reaction and the extent to which each takes place 
depend upon the temperature and the depth of the fuel bed. 
High temperatures and deep fuel beds tend to produce a gas low 
in CO, and H,. Low temperatures or shallow fuel beds produce 
a gas low in CO, and high in CO, and Hy. 
It should be understood that the above reactions depend very 
largely upon the presence of the fuel which acts as a catalyst. 
Allner’ has shown that if the above reaction in the presence of a 


1Haber: Thermodynamics of Technical Gas Reactions, page 145. 
2Haber: Thermodynamics of Technical Gas Reaction, page 309. 
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catalyst is established, or if equilibrium maintains at a tempera- 
ture above 2200° F., and if the gases are cooled without the 
presence of the catalyst, the reactions are “‘frozen”, that is, the 
removal of the catalyst does not permit the readjustment of equi- 
librium due to the lower temperature that would otherwise have 
occurred had it not been removed. If, on the other hand, the 
catalyst is not removed and the gases are cooled, the reaction 
will continue until a temperature of about 1400°F. is reached. 
This latter is the condition that maintains in the producer as the 
gases flow from the dissociation zone to the distillation zone. The 
extent of this reaction depends upon the velocity of the gases 
through the distillation zone, the depth of this zone, and upon 
the temperatures within the zone. After the gases have left the 
zone, i. e., are out of the presence of the catalyst, the reaction is 
‘‘frozen”, and no further change in the composition of the gas 
occurs. 


5. The Carbon Monoxide Producer.—The simple carbon mo- 
noxide producer has been considered in the discussion of the 
theory of the producer. In contradistinction to this, there isa 
commercial producer known as the carbon monoxide producer, 
which is being used to some extent. The differentiation of this 
producer from other commercial producers lies in the substitu- 
tion of CO,, taken from some outside source, for the vapor of 
water, for the purpose of conserving part of the 30 per cent heat 
loss inherent in the simple carbon monoxide producer. The pro- 
ducer is used principally for the driving of gas engines. The 
supply of CO, is obtained by piping the exhaust from the engine 
to the ashpit of the producer. 


From reactions 1 and 2, and when one pound of carbon burns 
to CO, it is known that 4440 B. t. u. is given out, which may be 
utilized in the dissociation of CO,. 14 540 B. t. u. is liberated per 
pound of carbon entering into the reaction, and since in the pro- 
duction of CO, 4440 B. t. u. is liberated, evidently 10100 B. t. u. 
remains in the CO. Therefore, in the reduction of CO,, 10100 


B. t. u. is absorbed per pound of carbon entering into the reaction, 


a NOKOW 
while ae = 8966 B. t. u. is absorbed per pound of CO,. The 


GARLAND-KRATZ—TESTS OF A SUCTION GAS PRODUCER 11 


B. t. u. free for the carrying out of this reaction per pound of 
carbon is 4440. The number of pounds of CO, necessary for the 
utilization of this heat is a = 1.11 lb. Since each pound of 
carbon in the producer appears principally as CO, in the exhaust 
gas of the engine, there will be 33 1b. of CO, produced in the 
exhaust per lb. of carbon in the producer which is much more 
than is necessary for the above reaction. 

On investigation, this system would seem to offer a number 
of advantages over the system in which the producer uses steam 
for the production of H» The gases leaving the producer con- 
sist principally of CO and No, together with small quantities of 
H., CHy, and C,Hy, distilled off from the green fuel. The gas, 
therefore, will be likely to be more uniform in quality than H, 
enriched gas, and will, consequently, be less likely to cause pre- 
mature ignition in the engine cylinder. This will be due to the 
large quantity of nitrogen present in the gas and to the small 
quantity of hydrogen. It will also be possible to use a much 
higher compression in the engine cylinder, and this will tend to 
offset any loss in efficiency in the producer that may be caused 
by the sensible heat lost in the nitrogen. Since part of the 
engine exhaust is delivered to the producer, the sensible heat in 
the exhaust is utilized in addition to the heat contained in the 
unburned products resulting from incomplete combustion in the 
engine cylinder. These latter may represent anywhere from 5 to 
20 per cent of the heating value of the original gas. The disad- 
vantage of the process doubtless lies in the regulation of the 
amount of CO, delivered to the producer. 


Il. PURPOSE OF THE TESTS AND DISCUSSION OF THE 
METHODS OF HXPERIMENTATION 


6. Object of the Tests.—In the field of small isolated power 
plants, the suction gas producer using anthracite coal of the finer 
grades has for the past few years been fighting for place. As in 
the case of almost all new apparatus, its ultimate success or fail- 
ure has been retarded largely on account of the lack of impartial 
data on the efficiency, cost of operation, reliability, etc., together 
with the natural prejudices against change, and the difficulty in 
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securing capable operators. The tests herein described were 
made for the purpose of obtaining impartial data on the efficiency, 
reliability, and operation of suction gas producers of small size, 
using anthracite coal as fuel. They were conducted on the 
producer in the Mechanical Engineering Laboratory, of the Uni- 
versity of Illinois. Incident to the main object of the tests was 
the development of a method of studying and testing the producer, 
the standardization of forms for the presentation of the results of 
the tests, and probably the most important of all, the derivation 
of formulas for the necessary computations. Twenty-five tests 
were made and four grades of fuel used. The results of all tests 
are included in Table 5, and the forms and formulas are given in 
the Appendix. 

It is hoped that the results of the tests themselves will be of 
value to manufacturers and to users of small power; the method 
and forms, a partial discussion of which has appeared ina previous 
article’, may be of value to builders of gas producers and to 
engineers engaged in development and testing. 

7. The Producer.—The producer under consideration was 
installed by the Otto Gas Engine Works of Philadelphia, and is 
known as their No. 3 producer. In the specifications, it was stated 
that the producer had a maximum capacity of supplying gas for 
60 horse-power, and that this was equivalent to a maximum pro- 
duction of 8100 cu. ft. of gas per hour. It was also stated that 
the producer was designed for intermittent operation and that 
the length of runs should not be greater than 12 hours. 


TABLE 1 
DIMENSIONS AND PROPORTIONS 

IER OMUHONSIONS OF, PLAGE ALG cikicca sei rae seer ae acer ee cee eee Ee 1.25 x 1.33 

iy CCNESICVES gat goto as i neon Ane aco tonicin HOGA Soma che Aeon poh dein in abeiawnes Gone uem ness 1.666 
Se leanidiametenor fuel bed: fuaseaam ace se smear e ne cieeee eee ene 1.545 

BMD CD ENOL LUCI OSG. Ati. -ts Accs eater A slo teeta coset eee eT 2.21 

pre oTOa OL UCT DEG SO. at bncwecmonmes secre cs os oe ere Ren eee oe Re 1.877 
Go Lolshtot aischargempiperabove pratey tussles teste eee eer eae 2.875 

7. Approximate width of air spaces in grate, in,...........e0eccccar ee ceccoec coos 0.5 

Seed) OL BIE SPACE, SOly LG. scccts aac sl aiece cee eae einer Eee ET 0.722 

9. Proportion of air space to whole grate BTCA. DEF CODE.i.0s0 geen care eae 43.3 
EOE et OL CISCHATSE! HIPS; SAiat badass cra cee ae eel ee eee ee 165 
iim OUDsIdeldiameterion shellattaaneseestetne tea eres nee nee Dac OO cen 2.833 
12. Length of shell from base to top of magazine, ft...... se... esses cecece cece cece. 7.125 
13. Ratio of minimum draft area to grate area, 1 tO .........ceseseceeeec cee ccee eee. 48.8 


1 Journal A. S. M.E., Dec. 1909. 
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The producer, the principal dimensions of which are given in 
Table 1, was of the contained vaporizer type and was provided with 
a plain bar grate. 

The plant, as installed by the Otto Gas Engine Works, con- 
sisted of the producer, a wet scrubber, a gas receiver and a 28 horse- 
power producer gas engine known as their No. 7 engine. A section 
through the producer is shown in Fig, 2. <A diagrammatic sketch 
of the plant as modified for testing is shown in Fig. 3. 
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In order to relieve the producer test of an engine running in 
conjunction with it and to make the former independent of the 
latter, it was decided to blank off the engine from the gas main 
and produce the necessary suction by means of a steam ejector. 
This reduced the labor of operating to minimum, made regulation 
positive, under immediate control, and produced conditions tending 
to insure greater accuracy and satisfaction. 


It has been urged that producer tests can not be run 
like boiler tests, independently of the engine, principally on 
account of the prejudice existing among prospective buyers of 
producer installations. This objection would doubtless hold in the 
case of acceptance tests, but even so, it would be desirable in all 
such cases to run the engine tests in conjunction with the producer 
tests, and under the normal conditions of everyday operation. 

However, for the purpose of studying the producer when 
operating under different conditions, or for studying the action of 
different fuels in the producer, or for obtaining data on the 
efficiency and composition of the producer gas generated, the 
present method has decided and obvious advantages. 


8. The Plant.—Referring to Fig. 8, the producer A is shown, 
provided with a fan blower P for starting, a two-way cock O, a 
waste pipe leading to the roof and a water seal in the connection 
between the producer and the first wet scrubber B. The wet 
scrubber B was filled with coke and provided with an overflow at Q. 
The scrubber water entered at Rk. The Schutte-Koerting steam 
ejector used for producing the draft, was located at Ff and provided 
with the steam connection asindicated. The ejector has a capacity 
of 12000 cu. ft. of gas per hour. The steam used by the ejector is 
condensed in the second wet scrubber G and the suspended mois- 
ture is removed by the separator N and the dryer H. The latter 
is simply a gas bell filled withstraw. Its use was made necessary 
by the Westinghouse meters located at land J. These meters are 
of the ‘‘wet” type, so that the suspended moisture in the gases, 
before the use of the dryer, tended to collect in the meter and raise 
the level of the sealing fluid. The gauge box L was blanked off from 
the pipe line during the producer tests and was used only for the 
calibration of the meters. This calibration was effected by the 
use of air introduced at the compressed air connection indicated. 


9, Method of Conducting the Tests.—In conducting the tests, 
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the items to be considered: first were the weight of coal, the 
heating value of the coal, the volume of gas, and the heating value 
of the gas. The measurement of these quantities will be considered 
in the order named. 

(1). Determining the Weight of Coal Fired.—The correct deter- 
mination of the weight of coal fired in testing producers of the 
intermittent type, where tests of short duration are necessary, is 
a problem of no small importance, owing to the difficulties in 
obtaining the weight of coal in the producer at the start and at 
the close of the test. The method of starting that suggests itself 
as being the most readily carried out, especially by the engineer, is 
to clean the ash and clinker out and work the fuel bed, by means of 
the poking bar, into a uniform condition; then, in closing, to dupli- 
cate these conditions as nearly as possible. 

In any actual case, it is always possible to compute from a 
number of actual trials the average weight of coal required to fill 
the producer to a given level. If this mean value is taken as the 
true value or true weight of coal required to fill the producer, then 
the maximum variation from the mean or true value in the case of 
any one trial will indicate the probable maximum error that will 
be made in filling the producer. Evidently this same maximum 
error may be made in bringing the fuel bed to the starting 
condition, irrespective of the weight of coal required to bring the 
fuel bed to this condition. An example will illustrate this better. 
Suppose that for a number of actual trials, the average weight 
of coal required to fill the producer to a given level is 600 lb.,— 
suppose the maximum variation from the mean is 15. The maxi- 
mum error is 23 per cent, based on 600 1b. Suppose, further, that 
in a given test, 200 lb. of coal were burned. Evidently in bringing 
the fuel bed to the starting condition and in filling, a maximum 
error of 15 lb. may be made; i. e., in filling, it is possible to make 
an error in this particular test of 74 per cent. 

In order to determine the error approximately in estimating 
the weight of coal during the present tests, the producer was filled 
four separate times, and the weight of coal required noted in each 
case. The average of the four weights was taken as the mean 
weight or true weight of coal required to fill the producer. The 
results are given in Table 2. 
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It will be seen from this table that the maximum variation 
fromm the mean is 8.75 lb. or 1.7 per cent. It will be seen from 


TABLE 2 


WEIGHT OF GREEN CoAL REQUIRED TO 
FILL THE PRODUCER 


: Variation 

Trial Weight from Variation 
No. pounds Average per cent 
| Weight 

1 669.25 8.7 1.70 

2 676.25 175 26 

33 683 .25 ciao neo fli) 

4 683.25 apne Stel 
Total 2 712.00 
Aver. 678.00 


Table 5, giving the results of the tests, that the smallest weight of 
coal fired on any test was for test 26, and that this weight was 146 
lb. In bringing the fuel bed to starting conditions and in filling 
the producer at the close of the test, it would, therefore, have been 


possible to make an error of 8.75 lb., or, in this case, an error of 
8.75 x 100 


146 
error in filling, and does not take into consideration the difference 


that may maintain in the condition of the fuel bed in starting and 
stopping. There is always present in the fuel bed a larger per 
cent of ash in stopping than in starting, and if this is in the form 
of clinker, a large error may result. If itis in the form of a powder, 
the error will probably not be so great, as the ash will tend to pack 
into the interstices around the coal; and while the fuel bed may 
contain a larger per cent of ash in stopping than in starting, the 
volume of the fuel bed, and the weight of carbon present may re- 
main practically the same. The error, therefore, in the estima- 
tion of the weight of coal due to the presence of the ash will not 
be large. The error in determining the weight of ash is unimpor- 
tant, as this may be determined from the analysis of the coal and 
the total weight of coal fired, with a greater degree of accuracy 
than could possibly be determined from the weight of the ash and 
refuse taken from the producer. 

The above method of starting and stopping the test has been 


=6percent. This is, of course, the purely mechanical 
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used throughout the present work. There is another and much 
more accurate method of procedure, which is, however, both tedi- 
ous and expensive. Fill the producer with a weighed amount of 
wood and coal and start the fire. During the period of starting, 
measure the volume of gas discharged, and at the same time take 
a continuous sample for analysis. Also weigh the ash and refuse 
accumulating during this period, and take a sample for analysis. 

Reduce the total volume of gas to standard gas, i. e., gas at 
62° F. and 30 in. Hg., and calculate from the analysis the volume 
of CO,, CO, H, CH, and C,H, From the specific weights of the 
constituents of producer gas as given in the Appendix page 84, 
item 121, calculate the total weight of each of these constituents. 
Let a, 0, c, d, e, be the weights of the respective constituents. 
Then the total weight of carbon that has been taken from the fuel 
bed during the starting period will be, 

W=,a 7 #0 + 2d + $e+ w, 

where w, = the total weight of carbon as determined from the 
analysis and the weight of the ash and refuse. 


The total weight of hydrogen that has been taken from the 
fuel in the producer and that appears in the gas may be deter- 
mined by the formula 

W,=c + 4d 4+- te 
This neglects the hydrogen that may be formed by the decompo- 
sition of water, and will, therefore, introduce an error, the amount 
of which will depend upon the length of time between the lighting 
of the fire and the starting of the test. With small producers, 
this will be very small. In large producers, tests are usually of 
such length and the weight of coal fired of so large an amount, as to 
make the error in the estimation of the coal in starting and stop- 
ping a negligible amount, consequently, such a method as the one 
under discussion would not be necessary. 

In closing the test, the coal should be burned low in the pro- 
ducer, and immediately after closing, the fuel bed should be drawn 
and weighed, the incandescent coals quenched and then sampled, - 
and an analysis made from the sample. 

The total weight of equivalent coal fired during the test may 
be obtained from the following formula, 


(W + W;) 14560 + W, x 62000 


We. = Ws+wWw — H 


where 
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W. = total weight of equivalent coal fired during the test. 
Ws = total weight of equivalent coal in producer at the start. 
W, = total weight of coal fired during test. 

W = total weight of carbon appearing in the gas before start- 


ing. 

W, = total weight of hydrogen appearing in the gas before 
starting. 

W; = total weight of carbon within the fuel bed at the close 
of test. 


H = The heating value of the coal per pound. 


(2) Heating Value and Analysis of the Coal.—The heating value 
and the analysis of the coal were determined by the chemist, and a 
discussion of the chemical method is unnecessary here. The 
chemical work is probably accurate within one per cent. The 
greatest error in the analysis or in the heating value is likely to 
be made in the sampling of the coal. The weight of the coal 
sample should be not less than 10 per cent of the total weight of 
coal fired, and the samples taken in the present tests represented 
from 10 to 15 per cent of the weight of coal fired. These samples 
were mixed and quartered until a sample sufficient to fill about 
eight quart jars was obtained; this sample was then reduced by 
grinding until it would pass a4 in. screen. This wasagain mixed 
and quartered, and a sample taken sufficient to fill a pint jar. 
This sample was sent to the chemist for analysis. 

The coal used in the tests was stored indoors and was practi- 
eally air-dry as fired. Proximate analyses and heating values 
were obtained from the coal used inevery test. Ultimate analyses 
were obtained for at least three samples from each grade of coal 
used. From these ultimate analyses and the proximate analyses 
from each test, the ultimate analysis for each test was determined 
by a method of approximation. 

(83) Measuring the Volume of the Gas.—The volume of the gas 
generated was measured by Westinghouse meters. These were of 
the wet type, so that the gas should contain no suspended moisture. 
This moisture was removed by the dryer shown in Fig. 3. Inor- 
der to insure accuracy in the measurement by the meters, a gauge 
box L, Fig. 3, was connected to the gas main so that the meter or 
meters could be calibrated from time to time. This calibration 
was effected by the use of compressed air. Blind flanges were 
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placed at X and Y, and the air was admitted at the connection 
shown. This air, expanding, passed to the meter and then to the 
gauge box which contained a thin plate orifice. The pressure and 
temperature of the air were taken at the meter and also at the 
gauge box. From the pressure and temperature in the gauge box 
the volume of air passing the orifice was computed from the work 
of R. J. Durley.! From this volume, and the pressure and tem- 
perature taken at the meter, the volume passing the meter was 
computed. 

The calibration was made at different capacities and a calibra- 
tion curve for the meter plotted. This latter was practically a 
straight line. 

In obtaining the volume of gas generated during a test, the 
volume was taken from the calibration curve of the meter and 
then reduced to standard gas by the formula given on page 86, of 
the Appendix, item 125. The volumeof gas as obtained from the 
meter, as just explained, was checked by calculating the volume 
of gas generated from the weight and analysis of fuel and the 
analysis of the gas. The formula for this computation is given in 
the Appendix, page 86, item 126. 

The volumes as obtained by computation ordinarily checked 
within 5 per cent of the volumes determined by the meters. Where 
the sampling of coal and ash is carefully carried out, this method 
of computing the volumes from the analysis is reliable for pro- 
ducers using hard coal. It is based on the fact that the weight of 
carbon contained in the coal must equal the weight of carbon con- 
tained in the gas plus the weight contained in the ash and refuse, 
plus the weight lost in tar and the weight lost in the gas absorbed 
by the scrubber water. The carbon lost from the hard coal pro- 
ducers in the form of tar and condensible hydrocarbons is very 
small, doubtless less than one per cent. The weight lost by the 
absorption of CO, and CO in the scrubber water is also very small, 
so that the carbon in the coal should be accounted for within 5 per 
cent at the most. The method may even be used for the deter- 
mination of the volume of gas generated by bituminous coal pro- 
ducers. In the case of these producers, 10 per cent of the carbon 
may be lost in the tar and other heavy hydrocarbons which con- 
dense and are deposited in the scrubbers and gas mains. 


iTrans. American Society Mechanical Engineers, Dec. 1905. 
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The percentage of carbon so lost may be found by taking a 
continuous sample of the gas as it leaves the producer, and before 
it is cooled, and drawing it through some form of condenser in 
which the condensible matter will be thrown down while the gas 
passes to a small meter for measurement. From the weight and 
analysis of the condensed matter and the volume of the gas sam- 
ple, the per cent of carbon lostin this way may be obtained. The 
determination is tedious and requires considerable outlay, but it 
may often be used to advantage in the testing of large producers 
where mechanical means of measuring the volume of the gas gen- 
erated are impossible. The value of the volume of gas computed 
from analysis as a check on the accuracy of the test has been dis- 
cussed on page 389. 

(4) Sampling the Gas'.—The correct sampling of the gas for 
analysis and for the determination of the heating value is impera- 
tive. In the present tests, the form of sampling device is illustrated 
in Fig. 4. This device takes the sample from three separate points 
in the main and practically the same volume of gas from each 
point. In mains of larger diameter, more nipples should be used. 
A good rule is to use one sampling nipple for each inch of diame- 
ter of main. 


\ 


Fie. 4 


1Credit is due Mr, O. A. Carnahan for his painstaking and conscientious work in the 
analysis of the gases, for all the tests, and his ingenuity and suggestions along this particular 
line. Credit is also due Mr. J. P. Clayton for his assistance in computing, and in operating 
the calorimeter on a large number of tests. 
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The above device was inserted beyond the second scrubber 
and at S, Fig. 3. In this position, the gas is under pressure so 
that it is necessary only to connect the aspirator bottle used for 
collecting the sample of gas to the nipple leaving the sampling 
device. 

Where the gas is under a pressure lower than atmospheric, it 
is necessary to connect an aspirator of the ordinary laboratory 
type to the sampling device and draw the gas from the main by the 
aspirator and force it into a vessel provided with a water seal. 
Samples of the gas may be taken from this vessel both for analy- 
sis and for the calorimeter. Fig. 5 illustrates the arrangement. 
The principal objection to its use is that small quantities of gas, 
principally CO,, are absorbed by the water in the aspirator. 


Gas Muin 
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The sample of gas taken from the sampling device for analysis 
was collected for the present tests in ordinary aspirator bottles and 
over water previously saturated with producer gas. These botties 
held about 5 litres. 600 cc. of the sample was transferred to a 
special glass sampling tube containing mercury. This sample was 
then sent to the chemist for analysis. The sample of gas for the 
Junker calorimeter was also taken from the above sampling 
device by connecting the burner of the calorimeter through 
rubber tubing to the nipple. When operating the calorimeter, 


Gas 
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samples were taken continuously, one after the other. 


In order to obtain correct samples of gas, they should be drawn 
from the main continuously and at a uniform rate of flow. With 
the aspirator bottles above mentioned, the condition of uniform flow 
was practically impossible at the time of sampling. 

Later, the gases were collected in glass sampling tubes 
containing mercury. Each tube held about 600 cc. The tubes 
were connected directly to the nipple leading from the sampler, 
and the mercury was drawn off through a glass cock located at the 
bottom of the tube. The mercury passed through the cock and 
dropped from a glass tube, the opening in the end of which had been 
made of such size as to allow the mercury to run from the tube in 
about two hours’ time. Fig. 6 illustrates this arrangement. The 
apparatus has the advantage of collecting the sample over mer- 

cury, which eliminates small errors that alwaysresult from the 
absorption or liberation of gases by the water, and in addition per- 
mits the observer to see at a glance whether or not stoppage of 
the flow of mercury has occurred. 

(5) Determining the Heat Value.—The heating value of the 
gas has been determined by the Junker calorimeter and by compu- 
tation from the analysis of the gas. The latter value is assumed 
to be more nearly the true value, and has been used in the 
computations. Itisassumedto be more nearly the true value for 
the reason that the gas samples from which the analyses were 
made were continuous samples taken over the entire period of 
the test, while samples for the Junker calorimeter were more or 
less intermittent, due in the case of some of the earlier tests on the 
Philadelphia and Reading coal, to poor gas, which would not 
burn at times, and again, tothe necessity of using the operator on 
other work. There are, also, certain errors such as radiation and 
conduction and possibly errors in the meter which enter into the 
calorimeter determinations and for which allowance cannot readily 
be made. Again, the thermometers used in measuring the tem- 
perature of the entering and leaving water read only to tenths of 
a degree so that an error of 0.5 of one per cent could easily be 
made in estimating to hundredths, as the rise in temperature of 
the water was frequently not greater than two or three degrees. 

It was found by actual trial that radiation and conduction 
could easily affect the readings to the extent of two per cent in 
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making determinations upon producer gas. The temperature of 
the water used in the calorimeter in the case of all tests was below 
the room temperature, so that the heat was conducted into the 
calorimeter. This tended to make all determinations about two 
per cent high. Upon calibrating the gas meter used with the 
calorimeter, it was found to read a fraction over two per cent 
low. The error in the meter was, therefore, considered to offset 
the error due to conduction and radiation. 


On account of the above causes, it is believed that the heat- 
ing value of gases whose principal constituents are simple gases, 
such as COand H,, may be determined with a greater degree of 
accuracy by computation from the analysis rather than by the 
calorimeter, especially where the latter is operated under con- 
ditions existing on a test and possibly by one unfamiliar with the 
errors likely to be made in using the instrument. 

In the case of all the present tests on which the calorimeter 
was run continuously, the heating value as determined by the 
calorimeter checked the heating value as determined from analy- 
sis within less than three per cent, and ona number of these 
within one per cent. This seems to indicate that either method 
of obtaining the heating value is accurate if proper care is used. 

(6) Error Due to Vapor Pressure of Water.—An error that 
caused considerable discrepancy between the heating value as 
given by the calorimeter and that as given by the analysis, and 
which resulted in about ten days of investigation upon the accuracy 
of the Junker calorimeter, was the neglect of the effect of the 
vapor pressure of water contained in the gas passing through the 
meter. This source of error had been recognized in the deriving 
of the formula for the calorimeter that appears in the Appendix, 
page 83, item 120, and had been allowed for, but in temporarily 
working up the heating value on some of the tests, this formula 
was not used, and this error was lost sight of. The result was an 
error of from two to four per cent, which could not be accounted 
for after allowing for radiation and other errors in the use of the 
apparatus. As we have since found that this is an error that is 
not usually recognized or allowed for by engineers, it will not be 
out of place to discuss and indicate its magnitude. 

The gas entering the Junker meter is saturated with the vapor 
of water. Consequently this vapor is under the pressure due to 
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the temperature ofthe gas. According to the laws of Dalton, if a 
mixture of gases is inclosed within a vessel, the volume of each 
gas occupies the entire volume of the vessel and each gas is under 
its own pressure. The sum of the pressures of the constituents 
of the mixture is equal to the total pressure within the vessel. 

The total absolute pressure within the meter is the barometer 
pressure plus the pressure in inches of water indicated by the 
U tube attached to the pressure regulating device that accompanies 
the meter. The temperature of the gas within the meter is 
obtained from the thermometer. Assume that the total pressure 
in the meter is 30 inches of mercury absolute, and that the tem- 
perature of the gas is 70° F. We find from the steam table that 
the vapor pressure of the water is .73 in., the total pressure of 
the mixture is 30 in., consequently, the pressure of the dry gas is 
30.0-0.73=29.27 inches. If the temperature in the meter is 100° 
F’., the pressure of the vapor is 1.94 in., and the pressure of the 
dry gas is 80.0-1.94=28.06 in. of mercury. 

From these examples, it will be seen that an error of about 

8 x 100 = 2.4 per cent will be made at 70°F. by neglecting the 
effect of the vapor pressure in computing the standard volume of 
gas used by the calorimeter and that an error of about es x 100 = 
6.5 per cent at 100° F. will be made. The same error will be 
made in computing the total volume of gas discharged from the 
producer, as indicated by the gas meters. 

The effect of the above error is to give a low value for the 
heat of combustion of the gas, and to give a high value for the 
total volume of gas generated by the producer. If, therefore, 
no correction is made, the total heat contained in the gas gen- 
erated by the producer, since it is the product of the two quan- 
tities, will not be in error, and the efficiency of the producer will 
consequently not be inerror. If, however, the total volume of 
gas generated has been corrected for vapor pressure, and the 
volume of gas used by the calorimeter has not been corrected, 
which is frequently the case, the efficiency of the producer will be 
low by the amount of this error. 

(7) Analyzing the Gases.—The analysis of the gas was made 
in the Hempel gas analysis apparatus and over water. The 
burette used was water-jacketed to prevent changes in temperature 
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affecting the results, while the water used in the burette was 
saturated with gas. 


In some of the later tests, the gases were collected 
in gas sampling tubes holding about 600 cc. and were collected 
over mercury. The analysis was also made over mercury. 
It is believed that this was at least, a safe precaution, as the 
water in the aspirator bottles previously used for sampling, 
and in the burette, even if saturated with the gas beforehand, 
might either absorb or give off small quantities of the gas. 
There are also other advantages in the use of the ‘‘accurate” 
method which need not be discussed here. 


(8) Measuring the Weight of Air Used.—As the weight of air 
is not used in calculations of the first importance, it was not con- 
sidered necessary to measure this quantity, as it could be computed 
from the weight of nitrogen appearing in the gas with an accuracy 
well within 5 per cent. This has been done for all tests and the 
result appears under item 97 of Table 5. 

(9) Measuring the Temperatures.—All temperatures with the 
exception of the temperatures in the fuel bed and the temperature 
of the gases leaving the producer, were taken with mercury ther- 
mometers, all of which had previously been calibrated and calibra- 
tion curves plotted. All mercury thermometers were used with 
their bulbs in direct contact with the medium whose temperature 
was to be measured. In calibrating, the Reichsanstalt standards 
of the department of Physics were used. In making the com- 
putations, the corrections were taken from the calibration curves. 

(10) Temperatures of Gases Leaving Producer.—The measure- 
ment of the temperature of the gases leaving the producer was 
effected by the use of a platinum-rhodium thermocouple and a 
Siemens & Halske millivoltmeter calibrated to read direct in 
degrees Centigrade. This couple and voltmeter were compared 
with a Reichsanstalt standard, reading in degrees Centigrade and 
to500°. After making the proper stem correction for the standard, 
the readings of the thermocouple practically agreed with the 
readings of the standard. For higher temperature, the thermo- 
couple readings were taken at the melting point of zinc, 419° C., 
the melting point of silver, 961° C., and the melting point of cop- 
per, 1084° C., and were found to be practically correct. In 
using the platinum-rhodium couples, considerable care had 
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to be taken in order not to have the couple contaminated with 
gases, as such contamination would destroy the calibration and 
ultimately make the couple worthless. As acouple of this type 
five feet in length costs about $50.00, it is evidently necessary to 
use some care in this respect. In order to protect the present 
couple, the hot junction was placed in a quartz glass tube about 
4-in. inside and +-in. outside diameter. This tube was then in- 
serted ina brass thermometer cup which was screwed into the gas 
main leaving the producer at O, Fig. 8. The cold junction 
of the thermocouple was placed in melting ice. 

After a number of tests had been run, it was considered pos- 
sible for the conduction of the brass thermometer cup to lower the 
temperature as given by the thermocouple. In order to test this, 
a mercury thermometer, and later a Hoskins thermocouple, the 
latter having been compared with the platinum-rhodium couple, 
were placed in direct contact with the gases. The producer was 
then run at different capacities, in order to produce different 
temperatures in the leaving yases, and simultaneous readings of 
the Hoskins couple exposed tothe gases and of the platinum- 
rhodium couple protected by the thermometer cup and quartz 
glass tube, were taken. The curve of Fig. 7 was plotted from the 
data taken on this experiment. The results were somewhat 
startling. 


As the points fell on practically a straight line, there could 
be no doubt of the effect of the thermometer cup and the quartz 
glass tube upon the reading of the thermocouple. The tem- 
peratures used in the computations were taken in degrees F. from 
curve 1 of Fig. 7. The actual readings of the platinum-rhodium 
couple in degrees Centigrade were plotted as abscissas while the 
corrected readings in degrees F. were plotted as ordinates. 
Curve 2 of Fig. 7 is a curve showing the relation between degrees 
Centigrade and degrees Fahrenheit, and was used in transfer- 
ring temperature from one scale to the other. The corrected 
average temperature of the gases leaving the producer, in degrees 
F., is given in Table 5, item 39. 

(11) Temperatures in the Fuel Bed.—The temperatures in the 
fuel bed were obtained on several tests by the use of a platinum- 
rhodium thermocouple and the Siemens and Halske galvano- 
meter. The hot junction of this couple was placed in a }-in- 
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quartz glass tube about 30 in. long, the quartz tube in turn being 
placed in a $-in. iron pipe closed and pointed at one end. The 
pipe containing the hot junction of the thermocouple was then 


TEMPERATURE THROUGH FUEL BED 


TABLE 3 


Temperatures °F . 
* 
Test . Zone . A 
Time 3 inches 3 inches 
No. No. from near| at Center | ftom tar 
Side of : Side of 
Lining Lining 
1 1652 1535 1688 
é ot 2 2192 1742 ee 
ae 3 rs 1782 1922 
2 4 1832 | 2282 1048 
1:52 1 2490 2120 2060 
8 ees 2 1832 2247 2327 
2:90 3 vee 2282 1975 
. 4 1724 1922 
es eo 1 2300t 
12:40 2 2350 2163 2250 
; 3 meee 2380 2375 
11:00 1 2000 1970 1950 
19 to 2 2300 2160 2300t 
11:40 3 2350 2137 2250 
11:45 1 700 575 375 
21 to 2 1560 1550 1475 
12:30 3 2075 1875 1725 
10:05 1 ; 2100 2037 2025 
25 to 2 2350 2225 2275 
10:55 3 Sia 2200 2400 
As Mee 1 1075 1075 1650 
11:40 2 1580 2000 2000 
8:43 1 1237 1610 1625 
23 to 2 1500 1812 1900 
es 9:35 3 1600 2037 2225 
3:50 1 1950 1675 1700 
*Zone No. 1= 24 in. above grate. 
Zone No. 2=— 18 in. above grate. 
Zone No. 3= 10 in, above grate. 
Zone No. 4= 38in. above grate. 


t+ indicates that the temperature rose above the softening point of the thermo- 
couple and hence was not obtained. 
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inserted in holes drilled through the walls of the producer. These 
were drilled one above the other at 3 in., 10 in., 18 in. and 24 in., re- 
spectively, from the grate. Temperatures were taken first through 
the upper hole, at 3 in. from the near side, at the center and 3in. 
from the far side, and in the same positions through each of the 
other holes. 


The platinum-rhodium couple did not prove entirely satis- 
factory for this work, on account of the difficulty in properly pro- 
tecting it. When the end of the iron pipe entered a zone where 
clinker was forming and where there were large holes in the fuel 
bed through which the air was passing, the temperature rose 
rapidly and either melted off the end of the pipe or bent it so that 
it was difficult to remove. After losing several inches from the 
end of the couple and at the same time contaminating it with the 
gases from the fuel bed, it was decided to try the Hoskins couples. 
These are a patented thermocouple of considerable mechanical 
strength, supposed to be unaffected by furnace gases. The 
composition of the elements forming the couple is not known. 
The temperature as indicated by the Hoskins couple is read in 
degrees Fahrenheit direct from the galvanometer provided. 
This latter reads to 2500° F. It was found, however, that the 
couples softened at 2250° F’., so that it was not possible to go higher 
than this. These couplesare much heavier than the platinum- 
rhodium couples, and, according to the manufacturers’ statement, 
could be used in the fuel bed without protection. It was found 
better, however, to enclose them in iron pipes. The temperature 
n the fuel bed was taken by means of the Hoskins couple from 
test 18 to test 31. The temperature so observed will be found in 
Table 3. 

(12) Measuring the Water Used.—The water fed to the pro- 
ducer from the vaporizer in tests 2 to 8 inclusive and in tests 31, 
32 and 38, was obtained by weighing a tank filled with water which 
rested on platform scales. This tank was placed on the charg- 
ing platform above the producer. The water was allowed to drip 
from the tank into the vaporizer. A constant level was main- 
tained on the vaporizer by allowing the water to overflow into a 
second tank resting also on platform scales. The weight of water 
fed to the producer was therefore the difference between the 
weight of the supply tank and the weight of the overfiow tank. 


By ILLINOIS ENGINEERING EXPERIMENT STATION 


In all other tests the vaporizer was blanked off and a steam jet 
supplied the moisture necessary in the operation of the producer. 
The jet passed through a small thin plate orifice. The pressure 
on the orifice in pounds per square inch was taken, and after the 
test, the orifice was calibrated under the pressure observed on the 
test. The jet was located beneath the grate and in the center of 
the ashpit. Any steam condensing in the ashpit from the jet 
overflowed, and was collected and weighed at the end of the test. 
The weight of this overflow was small and in a number of tests 
there was no overflow. The weight of water supplied to the pro- 
ducer was obtained from the pressure on the orifice and the cali- 
bration at this pressure. The actual weight that entered the fuel 
from the steam jet was the difference between the above weight 
and the weight of the overflow. The former quantity is given 
under item 79A of Table 5. Besides the water from the vapori- 
zer, there is also the moisture carried in by air and by the coal. 
These weights are given under items 79B and 79C respectively. 
The computations for the weight of moisture carried in by the air 
are given in the Appendix, page 87, items 104 and 105. 

The water supplied to the first scrubber was measured by a 
water meter, which was calibrated before the test. The water 
used by the second scrubber was not considered, as this was only 
incidental to the method of testing. 

(13) Weight of Moisture in the Gas.—The weight of moisture 
in the gas leaving the producer was determined by two separate 
methods. First, by drawing a sample of gas through a 
calcium chloride tube, by means of a water aspirator. A 
small wet gas meter was placed between the calcium chloride 
tube and the aspirator from which the volume of gas was 
determined. The moisture accumulating in the tube was weighed. 
Frem the data obtained from this apparatus, the per cent of 
moisture in the gas leaving the producer was determined. In 
the second method, the weight of water decomposed in the fuel 
béd was computed from the analysis of the gases, Appendix, 
page 87, item 86. This weight is given in Table 5, item 80. The 
total weight of moisture entering the producer is given under 
item 79; the difference between the two items gives the weight of 
water in the producer gas. It is believed that the percentage of 
moisture in the gas based on this determination is the more ac- 
curate. 
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(14) Ash and Refuse.—The ash and refuse taken from the 
grate during the test, together with that resulting from the clean- 
ing at the end of the test, were collected and weighed. The whole 
was then quartered and sampled, and the sample sent to the 
chemist for analysis. The weight of carbon lost through the grate 
was determined from the total weight of ash and refuse and the 
per cent of carbon as given in the chemist’s report. It will be 
noted from item 49 of Table 5 that in several of the tests, the per- 
centage of ash and refuse obtained is lower than the percentage 
of ash in the coal as given by the chemist’s report, item53. This 
is due to the impossibility of removing all of the ash from the fuel 
bed at the close of the test. This ash may have been either in 
the form of clinker which accumulated on the lining of the pro- 
ducer, or in the form of asoft white powder which packed into the 
interstices around the coal. The failure to obtain the correct or 
true weight of ash formed during the test, as explained under the 
measurement of the weight of coal fired, is notof greatimportance, 
as the weight of ash and refuse is used only for the determination 
of the weight of carbon lost through the grate. 

In a number of tests, ultimate analyses were made on the ash 
and refuse for the purpose of investigating the formation of 
clinker. These analyses are given under item 63 0f Table5. The 
percentages are based on the weight of ‘‘earthy matter.” 


(15) Soot and Tayv.—The amount of soot and tar escaping the 
scrubber of the hard coal producer is, under normal conditions, 
very small, and as a rule very little trouble results from their 
presence. No attempt was made in the tests to determine their 
weight. After about 600 hours’ operation and the generation of 
about 2.000 000 eu. ft. of gas, the horizontal pipe leading from the 
wet scrubber to the steam ejector was taken down and examined. 
It was found to contain a coating of tar and soot less than 35 in. 
thick on the inner wall. As this period of time would correspond 
to about two months, running at 12 hours per day, it may be as- 
sumed that the scrubber capacity is sufficient. 


(16) Stand-by Losses.—Small producers of the present type 
are usually designed for intermittent operation and are not well 
~ adapted for continuous runs of longer than twelve hours’ duration. 
This is a disadvantage due to the size of the producer, and results 
from the inability to thoroughly clean the ash from the fuei bed 
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without lowering the heating value of the gas to such an extent as 
to interfere with the operation of the engine. In larger producers 
the volume of gas generated per unit of time is large: the fuel bed 
is also large, so that the air admitted in poking and cleaning the 
fire represents a very small percentage of the gas volume gener- 
ated. Also, the proportion of the fuel bed disturbed at one time 
is relatively small compared with the total area of the fuel bed. 
On account of these conditions, the fuel bed of a large producer 
may be cleaned and poked without seriously affecting the quality 
of the gas, so that continuous operation is a comparatively easy 
matter, while with a smaller producer of the same type continuous 
operation would be impossible. 

The specifications accompanying the present producer state 
that it is to be used for runs of not greater than 12 hours. Conse- 
quently, there will be a stand-by of twelve hours’ duration if the 
engine is being operated twelve hours per day. As this is the 
condition that maintains in commercial work, it is of importance 
that the losses due to this stand-by be known. 


In order to determine these, a stand-by test of 120 hours start- 
ing October 11, 1909 at 10:20 a. m. and running until October 16, 
at 10:20 a.m. wasmade. The test was started by running the pro- 
ducer until a normal fuel bed was obtained, and then cleaning the 
fires and filling the producer with coal. The producer was then 
closed down, and at the end of twelve hours, the fires were cleaned, 
and the producer operated until the gas would burn at the try cock. 
The producer was again closed down for twelve hours, and at the 
end of the period, the fires were again cleaned and the above 
cycle of operations repeated. During the 120-hr. run, the fires were 
cleaned and the gas producer operated until a working gas was 
obtained ten times, that is, once every twelve hours. 


At the close of the test, 280 1b. of coal were required to fill the 
producer. This represents a stand-by loss of 28 lb. of dry coal 
per twelve hours. If we consider that 500 lb. of coal per 12-hr. 
run is about the normal capacity of the producer, the stand-by loss 
represents about 5.5 per cent of the dry coal fired or about 6 per 
cent of the combustible. The results of the stand-by test are 
given in Table 4. 


The stand-by loss is divided into four parts; (1) that which is 
lost through the grate due to cleaning the fire; (2) that which is 
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lost through the poor gas generated from the time the blower is 
started until the gas is sufficiently rich for use in the engine; (3) 
that which is lost in the small quantity of gas generated during 
the actual stand-by period; and (4) that which is due to the con- 
duction and radiation of heat from the producer during this 
stand-by period. 

The loss through the grate may be obtained from the data of 
Table 4. It was not deemed sufficiently important to separate the 
second and third losses, and it was not possible to obtain the fourth 
other than approximately. 


TABLE 4 


Results of Test for the Determination of Stand-by Losses. 
Time of start, 10:20 a. m., October 11, 1909. 

Time of stop, 10:20 a. m., October 16, 1909, 

Duration of the trial, 120 hours, 

Producer started 10 times. 

Fuel used, anthracite. 

Commercial name, Scranton pea. 
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10. Duration of the Tests. —Owing to the conditions under which 
the tests were run, it was not possible to make runs of longer than 
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twelve hours’ duration. Fortunately, however, it will be found, 
from the discussion under the measurement of the weight of coal 
fired, that with the exception of the very low capacity tests, runs 
of this length were sutficient to reduce the probable error in de- 
termining the weight of coal fired, to about two or three per cent. 
It has also been noted that owing to the small size of the produc- 
er, tests of longer duration are hardly practicable. This is due 
to the fact that toward the end of all 12-hr. tests, the accumula- 
tion of ash in the fuel bed necessitated such thorough cleaning 
as to seriously interfere with the uniformity of the heating value 
of the gas. As the producer is provided with a plain bar grate 
and all the cleaning must be accomplished by opening the ash 
doors, this particular type of producer, while operating with a 
fair degree of satisfaction on runs of not greater than 12 or 15 
hours’ duration, would not be satisfactory for continuous runs of 
longer duration. This has been recognized by the builders and 
was so stated in their specifications. 

As the object of these tests was to show the actual operating 
efficiency of the producer, and as under these conditions the pro- 
ducer would not be run for greater than 12 continuous hours, the 
present tests have been made to conform to those conditions as 
nearly as possible. The producer necessarily shows a lower 
efficiency under these conditions than it would under continuous 
operations. The reason for this lower efficiency is the stand-by 
losses. These are composed of four separate losses, as has 
been pointed out. One of these affects directly the results of the 
tests. This is the loss due to the radiation and conduction of 
heat from the fuel bed and producer during the stand-by period. 
It results from the fact that at the close of a run or test of 12 
hours’ duration, the fires are cleaned, and in cleaning, a large 
quantity of incandescent ash and carbon is removed from the 
fuel bed; this mass is replaced by the green fuel from above so 
that after cleaning, the temperature of the fuel bed is low and 
remains so until the starting of the new run or test. The pro- 
ducer lining, shell water jacket and water also lose heat during 
this stand-by period. On again starting the producer at the be- 
ginning of a test, the fire is blown until a gas sufficiently rich for 
operation is produced, and the test is then started. The average 
temperature of the fuel bed and producer has not reached the 
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temperature of normal operation. At the close of the test, this 
temperature has been reached, consequently, a large quantity 
of heat must be used in raising the average temperature of the 
producer at the begining of the test to the average temperature 
at the close of the test. In the case of the present test, the pro- 
ducer was not in operation continuously and it was not always 
possible to bank the fires from one test to another, for this reason. 
The fire in the producer was usually started on an average of 
about two hours before the test began. Gas sufficiently rich for 
operating could be obtained in about thirty minutes from the time 
of starting the fires, the additional time permitting the producer 
to warm up. Notwithstanding this, however, the difference be- 
tween the average temperature of the producer at the close 
and the average temperature on the starting of the test may have 
been anywhere from 200 to 700°F. The magnitude of this loss 
and the extent to which it probably affected the heat balance of 
tests may be best illustrated by an example. Assume that the 
average temperature of the producer at the starting of the test 
is 1000°F., assume that the average temperature at the close of the 
test is 1600°F. The difference in temperature is about 600° F. The 
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total mass in the present case represents about 1200 lb. If we 
assume the specific heat to be .25, the total heat that has been 
lost during a run in bringing the average temperature of the 
producer at the start of the test to the average temperature at 
the close of the test is 1200 X 600 X += 180000 B. t. u. On the 
high capacity tests this loss is a very small percentage of 12 
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total heating value of the fuel, on the lower capacity tests it is a 
very large percentage. Suppose 150 lb. of coal are fired on one 
of the light load tests. The heating value of this coal is 12500 
B. t. u. per lb. The total heat supplied to the producer is 12 500 
<x 150 = 1870000. The per cent loss due to the above is, there- 
fore, 75 %%°r = 9.6 per cent. As this loss is largely inherent 
in the operation of the producer, it was deemed advisable to 
indicate its magnitude and not eliminate it from the results of 
the tests. 


The curves of Fig. 8 have been plotted from the results of all 
tests and show approximately how this loss varies with the 
weight of combustible gasified. These curves would also seem 
to indicate that the radiation and conduction losses from the pro- 
ducer are between 0.7 and 1 per cent, since the curves become 
parallel to the Y axis in this neighborhood. 


11. Forms for Computation and Discussion of Items of 
Table 5.—Three forms have been drawn up for use in making 
the computations for the tests. Table 5 is made according to 
form 1, which is used for the presentation of the results of the 
test; a blank of this form is shown in the Appendix. Form 2 
was made to include all items involved in computation of the 
results and form 3 contains the derivation and discussion of the 
formulas used. In working up the tests, the average total 
quantities are taken from the original log sheets, corrected and 
placed on form 2. The item number of form 8 refers to the item 
number of this form. The results are computed in the order of 
form 3 and placed on form 2, from which the results compiled are 
placed on form 1. In order to find the formulas used in computing 
any result given in Table 5, this result must be found on form 2, 
and the item number corresponding to this result on form 2 cor- 
responds to the item number of form 8 under which the form- 
ulas used will be found. For example, suppose that it is de- 
sired to find the formulas used in computing the cold gas efficiency 
as given in Table 5. Referring to form 2, Appendix, it will be 
found that the cold gas efficiency on this form appears under 
item 155. By referring now to item 155 of form 8, the formulas 
required will be found. 


One of the important considerations in developing the forms 
has been to include such items as will give proof of the accuracy 
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of the work, and that will point out the nature of any serious 
errors that are always likely to creep into experimental work. 

‘The gas volume has been determined from a previously cali- 
brated meter. This volume has been checked in most tests by 
computing the volume of gas from the weight of coal consumed, 
the analysis of the coal and the analysis of the gases. If the vol- 
ume of gas as given by the meter is not more than 5 per cent 
lower than the computed volume, it is assumed that the gas vol- 
ume as determined by the meter is correct. If there is a greater 
variation than this, the error may be either in the weighing or 
estimation of the coal, in the meter, or in the analysis and samp- 
ling of the gas. If the heating value of the gas as computed 
from the analysis checks the heating value as given by the 
Junker calorimeter, the conclusion is that the error is on the side 
of the coal. If the volumes check, and also the heating value of 
the gas as determined from the analysis and from the calorime- 
ter, the conclusions are that the only serious error that can exist 
must be in the measurement of the temperature of the gases 
leaving the producer. Even this temperature may be checked 
by computing from the weight of scrubber water, item 90, and 
from the rise in temperature of the scrubber water, the heat lost 
to this by the gases leaving the producer. 

The word combustible has been used in these tests according 
to the definition appearing in the Appendix, forms 2 and 8, item 54. 
As this word has been used in an arbitrary sense by a number of 
writers and also by the engineering societies, its definition is 
of considerable importance. 

The calorific value of the gas is given under items 104 to 105 
Table 5 and form1. The high value is defined as the total heat 
given out by a cubic foot of gas at 62° and 80 in. of mercury 
when it is burned in oxygen and the products resulting from com- 
bustion are brought back to 62°F. The net or effective value is 
equal to the ‘‘high” value minus the latent heat contained in the 
water that is formed by the combustion of the hydrogen. 
It will be seen that if the gas is used under such conditions 
that it is exhausted at a temperature greater than 212° F., this 
latent heat is of no use in the cycle of operation. This is 
the case where the gases are used either in the gas engine 
or for firing boilers. The low or effective value is given under 
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item 104a which is computed from the analyses of the gases. 

Under item 126 is given the grate efficiency. This is a very 
variable quantity and depends upon the fireman, the size of coal 
fired, the amount of ash contained in the coa] and upon the num- 
ber of times the fires require poking and cleaning. With large 
producers and careful firing, this item should not be less than 95 
per cent. With small producers of the type used in this work 95 
per ceut is an excellent result. With the coals used on the tests, 
from 80 to 90 per cent is probably a fair value for this item. 

The hot gas efficiency based on the high heating value of the 
gas is given under item 127. This value varies from 100 per cent 
principally by the percentage of the radiation, conduction and 
unaccounted-for loss and by the percentage of the heating value 
of the fuel lost through the grate. The hot gas efficiency is of 
no special importance where the gases are used for power pur- 
poses. 

The cold gas efficiency based on the high heating value of the 
gas appears under item 128, again under item 128a, based on the 
low or effective heating value of the gas. This efficiency for both 
high and effective heating values has also been based on 100 per cent 
grate efficiency or upon combustible and is given in items 128c 
and 128d. This latter value has been computed in order to show 
certain relations that are independent of the grate efficiency. 

12. Under unaccounted-for loss may be grouped the follow- 
ing losses. 

a. Radiation 

b. Conduction 

c. Loss due to tar and soot and to the absorption of 
the gases by the scrubber water. 

d. Loss due to difference in temperature between the 
initial and final conditions of the fuel bed. 

e, Minor losses which may be either positive or nega-_ 
tive such as the loss due to the sensible heat in 
the fuel and in the ash. 

f. Experimental errors made on the tests. 
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13. General Discussion of the Tests. 


(1) Tests with Philadelphia and Reading Anthracite.—Tests 2 
to 8 inclusive, Table 5, were run on Philadelphia and Reading 
anthracite coal, chestnut size. This was in appearance a dirty 
anthracite, probably 50 per cent of which would pass over a #-in. 
mesh and through a 14-in. mesh screen, while 25 per cent would 
pass a 3s-in. mesh. 

The average percentage of ash as taken from the analysis of 
the dry coal was approximately 15 per cent. Analysis of this ash 
given in Table 5, under test 4, shows that 90 per cent by weight 

vas composed of the oxides of silicon, iron, and aluminum; the 

remaining 10 per cent consists of the oxides of calcium and mag- 
nesium, which in combination with the above, are sufficient to 
orm a semi-fusible, viscous ash at the temperature obtaining in 
the fuel bed of the gas producer. 

On the tests it was found that the clinker began to form at 
ery low temperatures, and by the time the temperature of the 
uel bed rose to an efficient working temperature, the formation 

of clinker on the lining of the producer was so rapid as to inter- 
fere with the quality of the gas. By the use of larger quantities 
of steam, or at lower capacities, it would doubtless be possible to 
use this coal in a producer of larger size with satisfactory results. 
With a producer of the size and type used on the tests, satisfactory 
operation is practically impossible. 

This series of tests is of little value except to illustrate the 
effect of a fuel containing a fusible ash upon the operation of a 
small producer. Owing to the formation of clinker on the sides 
of the producer, the fuel bed is greatly reduced in area, and there 
is the tendency for the formation of holes which permit the air 
to rush through, resulting in high temperature and poor gas. 
Owing to the frequency of poking, large quantities of incandescent 
‘oal drop into the ashpit, thus reducing the grate efficiency. Fig. 
_is a graphical log of test 6. 

(2) Tests with Lehigh Valley Anthracite.—Tests 15 to 21 inclu- 
sive were run on Lehigh Valley anthracite, chestnut size. This 
was extra large chestnut and clean in appearance. Ninety per 
cent of this coal would pass through a 2-in. mesh, while all of it 
would practically pass over a 14-in. mesh. The average percent- 
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GRAPHICAL Log TEst No. 6 
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age of ash as taken from the analysis was approximately 15 per 
cent. 

The ash taken from the producer at the close of the tests 
was soft and white and contained small pieces of clinker. There 
was practically no tendency for the formation of large clinker arch- 
ing across the fuel bed at the higher temperature. 

The conditions that maintained in this series were fairly uni- 
form, considering the size of the producer. Fig. 10 and 11 show 
the graphical logs for tests 17 and 20, respectively. 
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The average heating value of the gas for all of the tests was 
110. The variation of the heating value on all of the tests, while 
probably sufficient to cause considerable trouble in the operation 
of an engine driving electric lighting machinery, would not inter- 
fere seriously with the operation of an engine where close regu- 
lation was not a prime consideration. 

(3) Tests with Scranton Pea Coal.—Tests 23 to 27, including 
tests 81, 82 and 88 were run on Scranton pea anthracite. This 
coal was clean in appearance and like the other two coals, con- 
tained on an average about 15 per cent ash, while the calorific 
value corresponded to the calorific value of the other coals and 
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was about 12800 B. t. u. per lb. of dry coal. It would all pass 
over a %-in. mesh and through a 2-in. mesh. Analysis of the ash 
is given under test 23. This shows it to be an ash consisting of 
about 96 per cent of the oxides of silicon, iron and aluminum, 
while the remainder is made up of the oxides of calcium and mag- 
nesium, which are present in insufficient quantities to make the 
ash readily fusible at the temperature maintaining in the fuel bed. 

The ash as taken from the fuel bed was soft and fine, mixed 
with small pieces of clinker. There was very little tendency to- 
ward arching and the tests were the most satisfactory of the 
series. The conditions were as uniform as could be expected, 
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Fig. 12 
GRAPHICAL Log TrEsT No. 25 
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and the efficiency reasonably high. Fig. 12,18,and 14are graph- 
ical logs from the tests of this coal. 


SCRUBBER WATER ~LBS. STRNOPID GRS-CU.Fr| BTU. IN Gis (ANBLYSIS) 
& 


& & RY S ~ 
S S N § s- fF. 8 
== z = TEMPERATURE OF COS 
“ae INCHES WATE Gems Teece ~ LEAVING PRODUCE 
~ 3 cS 4 > g g N My ° 3 N 
& 
3 
° ay 
Xx 
S Lb) 
a 
S N ‘i x 
& S y 
3 | q NaN R) 
x HS Ny 
SS y , ty 
3 = N Nea N 1 
8 Coins N yan i 
A > h 1 
5 sa 
> 
§ Sean , ! 
‘ EERE : 
aN Ni NY NY 
i) I y < S 
al aN 
Ss N N 1 
x m ») 
Sy N - i} Q ) 
* SS Site aR : 
RN TT oN 
SS Ss N a) 
% aR oR 
SN RY) 
He : 
9 iS a 
9 SOs S > 
aS S & 
BSS sy 
S46 R N 
2 Na y 
4 S 
N-N 
N L] 
& N 
: | 


HiGadls 
GRAPHICAL Log Terst No. 31 


Fig. 13 shows the results of test 81, which was a variable 
load test run for the purpose of showing the effect of suddenly 
varying the rate of gasification. For the first three hours of the 
test, the producer was operated at the rate of about 3300 cu. ft. of 
gas per hour; for the next three hours at the rate of 1155 cu. ft.; 
for the third 3-hr. period at 4500 cu. ft.; and for the last 3-hr. 
period at a rate about 2200 cu. ft. 

(4) Tests with Gas House Coke.—Tests 28, 29, and 30 wererunon 
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gas house coke containing about 14 percentash. Theappearance 
was dirty and the size ey, irregular. Thirty per cent of this 
would doubtless pass a ;s5-in. mesh, 50 per cent a 2-in. mesh, whi 
the remainder would pass a 4-in. mesh. 

There was some trouble due to the formation of clinker, and 
considerable trouble caused by a tendency of the coke to pack in 
the hopper, thus preventing its descent into the fuel bed. In 
spite of this, the conditions that maintained on the tests were 
fairly uniform, and it is believed that very little difficulty would 
be experienced in using a coke of uniform size and quality in this 
type of producer. Fig. 15 is a graphical log plotted from the re- 
sults of test 30. 
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(5.) Test No. 14.—Test 14 was a special test run on the Phil- 
adelphia and Reading coal to determine if the ash in this coal 
could not be made sufficiently fusible to run from the fuel bed. 
This test will be discussed under the formation of clinker. 

14, Percentage of CO,.—The percentage of CO, in the gas is 
ordinarily considered to be a measure of the efficiency of a producer, 
low percentages indicating high efficiency while high percentages. 
indicate the reverse in efficiency. This is to a certain extent true 
in most producer practice, but it is not necessarily so, as the fol- 
lowing will illustrate. If the heat resulting from the formation 
of CO, is utilized in the decomposition of the vapor of water for 
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the production of H;, which enriches the gas, then no appreciable 
loss results. If, however, the CO, results through poor operat- 
ing methods, such as insufficient or improper poking, resulting 
in holes in the fuel bed and thus permitting the air to rush through, 
then the presence of a high percentage of CO, is indicative of a 
low efficiency, and this condition will manifest itself in excessive- 
ly high temperatures of the leaving gases. 

This latter condition is illustrated by the results of all the 
tests on the Philadelphia and Reading coal (see Table 5). The 
temperatures of the gases leaving the producer, item 39, are ex- 
cessive, the CO, item 117, is high, while the efficiencies, items 126- 
128d, are low. 

The former condition, in which both the CO, and the effi- 
ciency are high, is illustrated by the tests on the Lehigh and 
Scranton coals. The principal results of test 23, which have 
been placed in Table 6 for convenience in discussing, illustrate 
this condition. The per cent of CO, in the gas in this test averaged 
10.15. The temperature was, however, low, 800°F., and the 
efficiency high, thus showing that the fuel bed was in good con- 
dition but at so low a temperature, due to the use of a large 
amount of steam in the air fed to the producer, as to produce a 
predominance of the reaction 3 which has been discussed in page 
6 of the theory. Test 24, also placed in Table 6, shows practically 
the same efficiency but with 4.04 % CO, inthegas. Thisisdue toa 
high temperature in the fuel bed which tends to cause reaction 4 to 
predominate, resulting in a high percentage of CO, practically 
the same temperature of the leaving gases as was obtained in 
test 23, and practically the same efficiency. 
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The curves of Fig. 16, 17, 18, and 19 also show that the per 
cent of CO, has very little effect upon the efficiency of the pro- 
ducer. The theoretical efficiency curve showing the efficiency for 
different percentages of CO, on the assumption that the heat 
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liberated through the formation of the CO, is lost in sensible heat, 
has been drawn and is shown in Fig. 19. The difference between 
the actual curves and the theoretical curve is a measure of the 
amount of heat conserved through the decomposition of water 
vapor. 

The efficiency curves on this figure have been affected by the 
unaccounted-for loss which has been discussed on page 37, and 
has resulted in lowering the points in the low capacity tests to 
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such an extent as to make these curves concave to the axis. 

The curves of Fig. 18 are also affected by the unaccounted for 
loss, but in this case the gas from the low capacity tests ran high in 
CO,, owing to the use of a large quantity of steam, which resulted 
in causing the curves to drop off at the high percentage of CO, 
faster than they otherwise would. 

The curves of Fig. 16, showing the relation between the effi- 
ciency and the carbon ratio, or the ratio of the weight of carbon 
to the weight of hydrogen in the producer gas, illustrate the 
point under discussion, showing that the efficiency of the producer 
is practically independent of the amount of hydrogen in the gas, 
consequently, of the per cent of CO, in the gas. Fig. 20 shows 
how the per cent of CO, in the gas depends upon the weight of 
water decomposed per pound of combustible. 
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15. The Effect of the Size of the Fuel.—The determination of the 
effect of the size of the fuel upon the composition of producer gas 
and also upon the efficiency of the product is complicated by the 
difference in operating conditions that may not be recognized and 
upon the difference in the surface effect of the incandescent fuel 
upon, first, the reactions of oxygen and hydrogen and later on 
the reaction of CO, on this fuel. The exact nature ofthe surface 


U oF I 
LIBRARY 


52 ILLINOIS ENGINEERING EXPERIMENT STATION 


effect, which is called ‘‘catalytic action”, and under which a number 
of different effects are grouped, is very little understood at the 
present time. It probably results from chemical reaction on the 
surface of solids in contact with gases, which depend upon the 
state or form of the solid, such as charcoal, lampblack, coke or 
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anthracite coal, and in the case of these fuels upon any impurities ° 
contained in them. The result of catalysis is to hasten any reac- 
tion that may be taking place between the solids and the gases in 
contact with them, or between the gases themselves. It is be- 
lieved, however, that the ultimate extent or that the equilibrium 
of the reaction is not affected. 

It is probable that the difference in the catalytic action of 
different fuels, such as were enumerated above, may be very great. 
It is also probable that this effect is not so great between the same 
types of fuel, as, for example, between two grades of anthracite, 
or between two grades of coke. The ash in the fuel, as above 
noted, may also have a decided effect upon this action. 

The difference in the catalytic action of charcoal, coke and 
anthracite is illustrated by Fig. 21, 22, and 23, which are taken 


from Dr. Clement’s work, ‘‘On the Rate of Formation of CO in 
Gas Producers”. The results were obtained by passing CO, over 
charcoal, coke, and anthracite coal, respectively. In each case 
the material was ground to acertain size, about 0.2 in. on the side, 
and placed in a porcelain tube that could be maintained at different 
temperatures by means of an electric current, traversing a wind- 
ing of nickel wire placed around the tube. The velocity of the 
gas, the per cent of CO formed, and the temperature of the tube 
1Bull. No, 30, Eng, Exp. Sta,, J. K. Clement, L. H. Adams andQ. N. Haskins. 
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were the variables. Fig. 21 shows the relation for charcoal be- 
tween the per cent of CO formed and the velocity of the gas 
through the tube. Fig. 22 and 23 show the results for coke and 
anthracite coal, respectively. The velocity, whichis the recipro- 
cal of the time of contact, is expressed in feet per second. 
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It will be seen from these figures that the percentage of CO 
formed by the reaction CO, + C = 2 CO, depends upon the tem- 
- perature, upon the velocity or the reciprocal of the time of contact 
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of gases with fuel, as it has been expressed on the figures, and 
upon the catalytic action of the fuel. This latter effect is shown 
by the difference in the per cent of CO formed at the same tem- 
perature and under the same velocity for the different fuels used 
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in the experiments. For charcoal, Fig. 21, the per cent CO fora 
velocity of 1 ft. per second and a temperature of 1100° C., is 85 
per cent, for coke and anthracite the percentages under the same 
condition, (Fig. 22 and 23) are 9 and 11 respectively. For atem- 
perature of 1800° C. anda velocity of 1 ft. per second the percent- 
ages of CO formed are 100, 74, and 45 for the above fuels. 

Tests 18, 19, 24 and 25 have been selected as representing 
most decidedly the effect of the size of the fuel upon the results 
of the performance of the producer. 

Tests 19 and 24 were run under practically the same operating 
conditions, the only known variable being the size of the fuel, 
catalytic action excepted. Tests 18 and 25 were also run under 
essentially the same conditions of operation, with the size of 
the fuel constituting the only known variable. The principal 
results of the tests have for convenience been transferred from 
Table 5 to Table 6. 
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TABLE 6 
1 MRO SCAIN O's tera erases oe 1. Soe tee, OUT Gis 19 24 18 25 23 
C2 /BRURSI cedb.os oman enons een anrer na ToceO ners Lehigh |Scranton| Lehigh y 
Size of fuel, mean diameter in in.... ... 1% 2 Me 4 ieee mae 

3) |Capacity incu. ft. per hY.....0.c0s8. 20. c 2730 2941 4545 4795 2980 
4 a decomposed per Ib. of combust- 429 358 446 855 .689 
5 |Ratio of water decomposed to water supply ARP} .429 -408 .639 -402 
6 |Per cent CO2 in the gas...... Saale AR cnt ae 9.4 4.04 9.44 4.2 10.15 
ma erCOnG Eta In GHCiS a Suee ee Mrsup area: as 9.3 10.80 8.95 10.40 16.96 
SwiPercenti@Oim the asracsreeeese cs eo eee 17.43 27.3 17.13 27.01 17.39 
©) BUEN TRON sibs (Gath) 5555 nanoasancooane 106.9 138.2 101.5 138.1 128.8 

(Low or effective) 101 131.6 96,0 rote 119.4 
10 |Cold gas efficiency based on 100 per cent 

grate efficiency (High)....... ......... 68.9 77.2 72.7 79.9 15.4 

CHTTECEIVS) cers seeeneteme te cheats 63.3 73.5 68.6 70.3 69.8 
11 |Percent loss in sensible heat and in mois- 

RAL. C ha ceteterieceisinelaaiss tere as coo aeeneisteloterctaeele : 19.3 12.7 22.7 14.8 15.3 
12FiOnaccounted-10r loSSscemncesteiee sis sciem cose 11.6 9.4 2.1 4.4 6.9 
13 |Temperature of gases leaving the producer 

INS jarsratislajeteusie sien Acleiaire icisicienemisistaeice oe eager eeiee 970 809 1201 1108 800 
14 |Temperature in the fuel bed °F, average.. 2200 2300 2300 1740 
15 |Equivalent velocity of gas, feet per second 8.7 3.14 14.46 5.12 2 


Tt will be seen from this table that the per cent of CO, for tests 
on the Lehigh chestnut is about 9 4 per cent, while the per cent 
CO, for the tests on the Scranton pea is about 4 per cent. The 
heating value of the gas is low in the former tests, as is also the 
efficiency, while the temperature isa little high. The relative per- 
centage of CO, in the gas in the case of these tests is therefore to 
a certain extent a measure of efficiency of the producer. 

The difference in the percentage of CO, appearing in the gas 
from the two coals in the tests under consideration may be due to 
two causes, viz., (a) the difference in the catalytic action of the 
two fuels, as above discussed, and (b) the difference in the size of 
the fuel. In the case of the Scranton pea which, as has been 
noted, would pass a #-in. mesh, the amount of catalytic surface 
exposed to the action of the gases is much greater than the sur- 
face exposed in the case of the Lehigh coal, which will pass over 
a 14-in. mesh and through a 2-in. mesh. The following will illus- 
trate this. The mean diameter of the Scranton coal may be taken 
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as + in., the mean diameter of the Lehigh coal may be taken as 
14 in.; since the number of pieces contained in a given volume is 
inversely as the cube of the mean diameter, and since the surface 
of each piece is directly as the square of the mean diameter, the 
ratio of the total surfaces exposed in the fuel bed of the producer 
will be as 8 and 1 for the Scranton and Lehigh coals, re- 
spectively. 

Theoretically, the size of the fuel will have no effect upon the 
velocity of the gas through the fuel bed for the same rate of gas- 
ification. This is due to the fact that the number of pieces of coal 
required to fill the producer varies inversely as the cube of the 
mean diameter of the pieces, while the volume of each separate 
piece varies directly as the cube of the mean diameter, the volume 
of the coal present, and the volume of voids; consequently, the 
velocity of the gas through the fuel bed is independent of the size 
of the fuel. 

That the voids are, in the case of the twocoals, practically of 
the same volume, has been determined by water displacement. 
The volume of voids, in the case of the Scranton coal, was found to 
be 46 per cent of the volume occupied by the coal and 48 per cent 
for the Lehigh. The velocity of the gases through the fuel bed is 
therefore practically the same for the two coals for the same tem- 
perature and rate of gasification. The amount of draft required 
to drive the gases through the bed will, however, be different, ow- 
ing to the increased frictional resistance due to the smaller voids 
in the Scranton coal. 

The purely mechanical effect of the increase in the size of the 
fuel will be, from the above, if the volume of the fuel bed remain 
constant, to decrease the area of surface exposed to the gases, to 
decrease the number of pieces of coal in the path of the gases, and 
to decrease the drop in the pressure of the gases through the fuel 
bed. 

The decrease in the drop in pressure may be assumed to have 
no effect upon the composition of the escaping gases within wide 
limits. The extent of the effect of decreasing the area of the 
catalytic surface exposed to the gases and of decreasing the num- 
ber of pieces of coal in the path of the gases upon the composition 
of the producer gas generated and upon the reaction within the 
fuel bed is unknown. Dr. Clement’s work shows the effec tof the 
velocity of the gases upon the reaction of CO, with incandescent 
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carbon. Our tests No. 24 and 25, Table 6, on the Scranton coal, 
seem to show the effect of the velocity of the gases on the perfor- 
mance of the producer, tests 18 and 19 also show the same. It 
will be noted from the above that the increase in the rate of gas- 
ification of about 100 per cent has not resulted in any marked 
change either in the composition, or the heating value of the gases 
in the case of tests 24 and 25. Tests 18 and 19o0n the Lehigh coal 
show a slightly greater difference, and it is believed this is due 
to the lesser catalytic surface which results in a shorter time 
of contact of gases with fuel. From these tests and the curves of 
Fig. 21, 22 and. 23, and beyond the velocity of 1 ft. per second (the 
curves are drawn only to this velocity) which corresponds to the 
velocity of the gases obtaining in the fuel bed of the producer, it 
will be seen that the effect of the velocity on the reaction of CO2 
on carbon is small. 

As before pointed out, the difference in the velocity of gases 
through the fuel bed for the same rates of gasification for the two 
fuels, if any, must be small. The great difference in the CO, or 
in the composition of the gases from the two fuels for the same 
rates of gasification as above noted, must therefore be due to one 
or more of the following causes: (1) to the greater catalytic surface 
exposed to the gases as in the case of the Scranton coal; (2) to 
the greater number of CO, molecules coming in contact with the 
coal,due to the greater number of pieces; (8) to the smaller size of 
the voids in this coal which would tend to cause a more intimate 
mixture of gases with the coal; or (4) to a greater catalytic effect. 
It has been remarked that it is probable that the difference in 
catalytic action between two grades of anthracite coal is small. 
We will therefore assume that the difference in composition of the 
gases from the two fuels under discussion, when the rates of gasifi- 
cation and operating conditions are the same, is due to the differ- 
ence in the amount of surface exposed to the action of the gases 
or to the difference in the number of pieces of coal in the path of 
the gases or to a combination of the two, or, in other words, to 
the effect of the size of the fuel. 

The above conclusion is also supported by operating experi- 
ence. Shallow fuel beds, which are equivalent to the use of large 
fuel, or small catalytic surface, produce high CO,, high tempera- 
ture of gases and low CO. The tests 18 and 19 show these condi- 
tions. The efficiency does not drop off, consequently the tempera- 


58 ILLINOIS ENGINEERING EXPERIMENT STATION 


ture of the gas is not high; for the excessive heat liberated, as 
evinced by the high CO,, is utilized in the production of hydrogen. 

16. The Effect of Capacity.—The effect of capacity, or of the 
rate of gasification upon the efficiency of the producer, when op- 
erating with the different fuels, is illustrated by Fig. 24, 25 and 
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CAPACITY—EFFICIENCY CURVES For LEHIGH VALLEY COAL 
As there were only three tests for the gas house coke, no 
curves have been plotted from these tests. For each of the other 
fuels, three curves have been plotted, one for the actual efficiency 
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based on high heating value of the gas, one for the efficiency based 
on 100 per cent grate efficiency, or, which is the same, based on 
combustible and upon the high heating value of the gas, anda 
third based on combustible and the low heating value of the gas. 
This latter curve is shown dotted on the figures. 

Fig. 24 shows the curves for the Philadelphia and Reading 
coal. The curve for the actual efficiency drops off at the higher 
capacities. This is principally due to the more rapid formation 
of clinker, as the capacity and the temperature increase, which re- 
sults in the necessity for more frequent poking, consequently, a 
much higher grate loss. The curve for efficiency based on 100 
per cent grate efficiency and the high heating value of the gas drops 
off slightly. The curve based on 100 per cent grate efficiency and 
upon low heating value is practically a straight line. 

The curves of Fig. 25 show the results for the Lehi gh Valley 
coal. The drop in the curve for the lower capacities is partially due 
to the sensible heatlost to the producer walls and fuel bed, on ac- 
count of the lower temperature of the fuel bed at the start of the test. 
This has been pointed out in the discussion of the unaccounted- 
for losses. If a correction were made for this unaccounted for 
loss, the curves would approach astraight line. The drop at the 
other end of the curve is largely due to the effect of the 
velocity of the gases through the fuel bed, or to the shorter time 
of contact of gases with fuel owing to the larger size of this fuel. 
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The curves for the Scranton pea coal, Fig. 26, show very lit- 
tle tendency to drop off at the highest capacity. This, it is be- 
lieved, is explained by the small size of the fuel, consequently, 
by the larger area of fuel surface exposed to the gases. 

The rapid falling off of the actual efficiency curve on these 
tests is due to the sensible heat lost to the producer walls and 
fuel bed as previously noted, and also to the fact that in the case 
of the Lehigh and Scranton coals, which had no tendency to 
clinker, that the weight of ash and refuse tended to remain con- 
stant and was independent of the capacity. As the composition of 
the ash and refuse remained constant, the actual grate loss tended 
to remain constant, which would, therefore, cause the actual 
efficiency at light loads to drop off. The curve based on 100 per 
cent grate efficiency is practically astraight line slanting toward 
the low capacities; this slant is also due to the sensible heat lost 
to the walls and the fuel bed of the producer. 

The results of Table 6 bear out the conclusion drawn from 
the curve as to the effect of capacity. These results together 
show that capacity, or the rate of gasification, within very wide lim- 
its has little effect upon either the efficiency, the composition of the 
gas, or upon the heating value, so long as the steam supplied to 
the producer is so regulated as to maintain the same temperature 
within the fuel bed. 

17. Coal Per Square Foot of Grate Area—The weight of coal 
gasified per square foot of grate area is related directly to the 
rate of gasification and depends upon this. Owing to the general 
use of the term and to the interest attached thereto by engineers, 
it probably merits a separate discussion. 

It will be seen from Table 5, item 66, that this quantity varies 
in the tests on the Lehigh and Scranton coals from 7.67 lb. per 
hour, in the case of test 21, to 49.8 lb. in the case of test 17. 
Within this range, the producer has been operated with satis- 
factory results. 

Anthracite producers in this country are rated on a basis of 
from 10 to 15 lb. of coal per sq. ft. of grate area per hour by the 
manufacturers. In European practice, the rating is from 20 to 30 
lb. of coal per square foot of grate area. This difference in rat- 
ing is doubtless due to the difference in the fuels used in the two 
countries. 

From the results of the present tests, it must be concluded 
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that the coal gasified per square foot of grate area depends almost 
entirely upon the nature of the coal. Were itnot for practical con- 
siderations there seems to be no reason why the coal gasified 
should depend upon any condition other than the depth of the 
fuel bed. From the works of Dr. Clement previously referred to, 
and of Boudouard and others, it will be seen that a ce:tain length of 
- time is required for the completion of the reaction within the fuel 
bed of the producer, also thatthe time required for their comple- 
tion depends upon the temperature and upon the catalytic action 
of the fuel. Consequently, inorder to attain high rates of gasifica- 
tion, it is necessary that the fuel bed be increased in depth in or- 
der that the proper time of contact of gases with fuel obtains. 

In the actual operation of the producer with a given depth of 
fuel bed, the coal gasified per square foot of grate area depends 
upon the amount of ash, the nature of the goal, and upon the cat- 
alytic action of the fuel. 

The larger the percentage of ash in the fuel, the more fre- 
quently the producer requires cleaning, so that with high rates 
of gasification the removal of the ash alone would place a limit. 
The nature of the ash, that is, the temperature of fusing, also 
places a limit for a given depth of fuel bed. An ash fusing at a 
low temperature requires a low temperature within the fuel bed of 
the producer. This results in requiring a longer time of contact 
of gases with fuel in order that the reaction within the fuel 
bed may be completed. A fuel with slow catalytic action pro- 
duces the same result. 

Since, from the above, the coal gasified per square foot of 
grate area depends upon the depth of the fuel bed, we have used 
the expression ‘‘rate of descent of dry coal through the fuel bed” 
or ‘‘ coal burned per cubic foot of fuel bed”, to express the per- 
formance of a producer in addition to the expression under dis- 
cussion. 

18. Clinker.—The formation of clinker is due to the presence 
of incombustible matter in the ash which fuses at the temperature 
maintaining in the fuel bed of the producer. There are two ways 
of dealing with this, the more practical one being the operation 
at such capacities and with such an amount of water, or COs, in 
the case of the carbon monoxide producer, as to keep the tempera- 
ture below that of the fusing point of the earthy matter contained 
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in the fuel. In doing this, the efficiency of the producer will be 
somewhat lowered, as the reaction of CO, on carbon will be greatly 
lessened, and large quantities of steam must be used to keep the 
temperature down, through the formation of hydrogen and the 
heating of the moisture that escapes decomposition. The heating 
of this moisture results in the lowering of the efficiency of the 
producer. The curves of Fig. 27, 28 and 29 indicate that the 
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efficiency of the producer tends to increase with the higher tem- 
peratures of operation. This increase, however, is comparatively 
small within certain limits and since reliability of operation is the 
desideratum, and not necessarily efficiency, the obvious means of 
decreasing the irregularities due to the formation of clinker is by 
operating at lower temperatures. 


It is possible that fuels may be found in which the formation 
of clinker begins at a temperature so low as to prevent the reactions 
within the producer taking place. Thisis, however, not probable. 
The water vapor in practically every case tends to disintegrate 
both fuel and clinker. If an excess is used, it will tend to cause 
the fuel bed to become mushy and will result in poor gas, and a 
shut-down if engines are operating on the gas. 


A second method of dealing with a coal containing a fusible 
ash is to add a flux in the form of a limestone or other cheap ma- 
terial which will render the clinker so fusible as to cause it to run 
from the fuel bed of the producer. Test 14 on the Philadelphia 
and Reading coal was run in this manner. It was determined 
from an analysis of the ash that about 60 lb. of limestone (CaCO,) 
would be required per 100 lb. of coal in order to form a highly 
fluid clinker. The fuel charged on this test was, therefore, mixed 
with limestone in the ratio of 100 lb. of coal to 60 lb. of limestone. 
As the limestone when heated gives out 44 per cent of its weight 
in CO,, this CO, takes the place of the water vapor and keeps the 
temperature down through the CO,, reacting on the C to form CO. 

The efficiency of the test is low, due partly to the absorption 
of heat in driving off the CO, from the limestone, but largely to the 
loss through the difference in temperature of the fuel bed at the 
start and close of the test. The graphical log sheet, Fig. 30, 
shows the uniformity of conditions that maintained. The fuel bed 
required practically no poking during the test, as the clinker fused 
with the limestone and trickled into the ash pit. At the close of 
the test, however, when the fire doors were opened for cleaning, 
the entire fuel bed ‘‘froze”, and had to be broken up at the expense 
of considerable time and labor. 

The above method is mentioned simply as a matter of interest, 
and indicates a possible though hardly practical means of dealing 
with clinker. 

19. Weight of Water Required for the Producer.—The weight of 
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water required by the producer depends very largely on the fuel 
that is being used, and to a certain extent upon the proportions 
of the producer. 

With a fuel that has no tendency to clinker, the highest 
efficiency will be obtained by using such an amount of water as 
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to result in between 2 and 4 per cent CO, in the gas leaving the 
producer. This of course, requires a deep fuel bed and a high 
temperature within the decomposition zone to insure the comple- 
tion of the CO reaction. It is a condition of operation that can 
scarcely be obtained in a producer as small as the one that has 
been used on the present tests, for the reason that while there 
may be no formation of clinker, there will be, owing to the small 
diameter of the fuel bed, a tendency for the fuel to pack, which 
will necessitate poking from time to time in order to insure the 
proper descent of the fuel. 

This packing or arching of the fuel, as it decreases the time 
of contact of gases with fuel, results in increasing the percentage 
of CO,, and raising the temperature of the gases, which tends to 
lower the efficiency. If the producer had been provided with 
some form of shaking grate, which is quite possible in pro- 
ducers of this size, the efficiency would have been increased 
several per cent and the uniformity of operation increased much 
more. 

In the case of fuels containing an ash fusing at temperatures 
close to 2200° F., it will be necessary to use sufficient water to 
lower the temperature of the fuel bed below that temperature at 
which the formation of clinker begins. This may result in a 
slightly lower efficiency of operation, but as it is usual that such 
operation is necessitated through the use of a poor, consequently 
a cheap fuel, the efficiency is of less importance than the relia- 
bility of operation. In the case of such operation, the hydrogen 
in the gas will be high, the CO, high and the CO low. 

Test 22 of Table 6 as compared with Test No. 24 shows the 
effect of operating with a large quantity of moisture, on the CO,, 
heating value and efficiency. 

As has been indicated a number of times, the reaction of 
water on incandescent carbon to form hydrogen takes place much 
faster at the lower temperature than does the CO reaction, conse- 
quently, when a producer is operating with a shallow fuel bed, or 
with a larger fuel, as in the case of the Lehigh coal, or with a fuel 
of slow catalytic action, in order to keep down the temperature of 
the gases and to keep up the efficiency, it will be necessary to use 
larger quantities of water than would be the case when operating 
with a deeper fuel bed, as there will be insufficient time for the 
completion of the CO reaction unless the producer is operated at 
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a greatly lowered capacity. 
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The curves of Fig. 31 show that within the accuracy and 
range of these tests, there is practically no effect upon the efficiency 
of the producer due to the increase of the water decomposed. 

If the range were increased in either direction, there would 
be a great falling off in efficiency. 
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Fig. 32 shows the effect of the water decomposed per pound 
of combustible upon the volume of gas generated per pound of 
combustible, and Fig. 33 shows the effect of the gas generated per 
pound of combustible upon the heating value of the gas per cu. ft. 

20. The Effect of Fuel Bed Temperature.—The effect of the fuel 
bed temperature upon the composition of producer gas and upon 
the efficiency of the producer from the previous discussion has 
been pointed out. From the results of Harries’ experiments, 
(see page 6). the experiments of Dr. Clement, illustrated 
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by Fig. 21, 22, and 23, and from the results of Boudouard’s experi- 
ments, the general effect of the fuel bed temperature can be pre- 
dicted with considerable certainty. The exact effect, as it de- 
pends upon the catalytic action of the fuel, the size of the fuel, 
and other variables, can not, however, be determined for the 
different fuels without direct experiment. Within comparatively 
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wide limits, and, speaking in general, the efficiency of the pro- 
ducer, as has been pointed out, is practically independent of the 
amount of steam fed to the producer or the amount of H, in the 
gas. With low fuel bed temperatures, it will be seen from Dr. 
Clement’s curves that the CO will be low and the CO, high. F'rom 
the experiments of Harries, it will be seen that the reaction of 
H,O on carbon has reached equilibrium at a temperature as low 
as 1240° F. with 8.41 per cent of H, formed. So therefore in the 
formation of H, at low temperatures and the formation of CO at 
the higher temperatures, the principal effect of changing the 
temperature of the fuel bed is to cause a shifting in the relative 
percentage of CO, CO,, and H, present in the gas generated. If 
the change is so made that there is no great difference in the tem- 
perature of the leaving gases, the efficiency of the producer is very 
slightly affected. Tests 23 and 24 of Table 6 illustrate this. The 
fuel bed temperature in the case of test 23 is 1740°F., the tem- 
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perature of the fuel bed for test 24 is approximately 2200°F. 
The temperature of the gases leaving the producer is practically 
the same, as is also the efficiency. The percentage of CO has 
shifted from 27.3 to 17.89, while the H, has shifted from 10.8 to 
16.96 per cent. The heating value of the gas for the lower tem- 
perature has fallen off, while the number of cubic feet of gas per 
pound of combustible has increased from 92.6 for test 24 to 101.41. 
This latter is due to the lesser density of the hydrogen. 

The fuel bed temperatures, as obtained for thedifferent tests, 
are given in Table 3. 

The radiation and conduction losses will probably not exceed 
1 per cent. The loss due to tar and soot and to the absorption of 
the gases by the scrubber water will not exceed 1 per cent. The 
losses due to the difference between the initial and final tempera- 
tures of the fuel bed are variable and depend upon the capacity 
and to a certain extent upon the length of time required to blow 
the fires and produce a gas sufficiently rich for operating con- 
ditions. These losses have been discussed on page 387, and 
it was shown here that they would doubtless vary from .5 to about 
9 per cent, depending upon the above conditions. 

The experimental errors made in the measurement of different 
quantities may be either positive or negative and the magnitude 
of the probable error varies from about 2 or 38 per cent in tests at 
capacities between 4000 and 2800 cubic feet of gas per hour to be- 
tween 4 and 7 per cent for tests between 2000 and 750 cubic feet 
per hour. 
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IV. CONCLUSIONS 


1. <A producer of the size and type tested is a practical piece 
of apparatus. With proper care in operating, and in the selection 
of the fuel, it is also a reliable piece of apparatus possessed of a 
fair degree of efficiency. 

2. The efficiency of the producer is, within wide limits, prac- 
tically independent of the rate of gasification. 

3. The efficiency of the producer, within comparatively wide 
limits, is only slightly affected by the relative percentages of H, 
and CO appearing in the gas. With low temperature in the fuel 
bed, due to the use of a large quantity of steam, there is a high 
percentage of H,and CO). With high temperature in the fuel bed, 
the H, and CO, drop off while the CO increases. 

4. From the above, it follows that the amount of steam to be 
used under any given conditions depends entirely upon the nature 
of the fuel. Clinkering coals require large quantities of steam in 
order to keep the temperature below that of the formation o1 
clinker, while non-clinkeriug coals require much less steam. 

5. The size of the fuel for a given temperature of fuel 
bed and a given depth of fuel bed has a marked effect upon the 
heating value and compoSsition of the gas, and upon the efficiency 
of the producer. An increase in the size of fuel tends to cause 
the efficiency, heating value of the gas, and the percentage of CO 
to drop off. 

6. The graphical logs show that the conditions (with the 
exception of the tests on Philadelphia and Reading coal) were 
sufficiently uniform to prevent trouble in the operation of 
engines driving machinery that requires no great degree of sen- 
sitiveness in regulation, such as the driving of pumping machin- 
ery, or shafting for machine shops, provided these engines have 
overload capacities of from 15 to 20 per cent. The conditions 
were not sufficiently uniform to permit the use of the gas in en- 
gines designed to drive electric lighting and other machinery 
requiring sensitive regulation. This is due, however, to the very 
small size of the unit. With larger units, the uniformity has 
proved entirely sufficient for the operation of engines driving 


electric generators. 
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7. From item 111 of Table 5, it will be found that the volume 
of gas generated per lb. of coal averages about 76 cu. ft. The 
average low heating value of the gas, if the tests on the Phila- 
delphia and Reading coal are not used, is approximately 
110 B. t..u. per cu. ft. Since the average engine requires about 
10,500 effective B. t. u. per b. h. p. hr., 95 cu. ft. of this gas 
will be required per b. h. p. hr. or $@ = 1.25-+ 1b. coal. Since 
the coal contains about 12,800 B. t. u. per lb., the efficiency of 

: 2545 x 100 
the plant will be 19800 x 1.95" 
thermal efficiency of a steam plant of this same size will be 
about 3 per cent, assuming a boiler efficiency of 60 per cent and 
an engine efficiency of 5 per cent. 

If the anthracite fuel costs $5.00 per ton, soft coal for the 
steam plant must cost $0.94 per ton in order that the fuel cost 
remain the same perh. p. hr. The cost of attendance, mainten- 
ance and repair will be practically the same for each plant. 

8. Under the above conditions, with anthracite at $5.00 per 
ton, one b. h. p. could be produced at a fuel cost of .31 cent per 
hr., or 8.7 cents per 12 hrs. 

9. ‘The effect of the capacity, the amount of steam used, the 
effect of the size of the fuel, the amount of CO, in the gas, and 
other items of a general nature, and the conclusions drawn from 
such items,are entirely applicable to producers of all sizes. It 
is believed that these items, with the forms and formulas, consti- 
tute the;most valuable portions of this paper. 


= 16 per cent. approximately. The 
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GSC AT DOM. DOLCE Hare areiyrayesa:crevaie:'eistelsjasa- ein aiet sieleratsyamlenela/orolres te(elels (alov-e/ leroy sterste uss cisseelateyelraneretcrats 
CSP arony TAATECT, “POM COMM Be ciie.cik ss ovaeieis 5 uieie<eete. sie sia’ shel Iplotetnune v eraylo are /tarecleae eta 
We PESTO: apschc ier aisistaravotare alsret y bie aia atatate cot areie:jessiassie.eraretiepeiaya (aun eetetee eaernverelets 


3 os SR, Meech eR oe ee ner ee 
Fe203 

Se EO i cS sehin T toe aom stan atelae. esate ecpn saint ona aoc: SSRI eL Ure ae meee Se tee ae aT Pore ERS 

a@ CaO 


FUEL PER HOUR 


CAeeDEvrCOal reaper AL Ue esteaciiacte cect cues 

65 Combustible consumed perhr. lb...... .......... 
CSieDry coal per sq; ft. of grate area pet NLD... cx Sewanee boieen outeneaeu see 
67 Combustible per sq. ft. of grate area per br. 1D....... 0060 cece wees neeeee cove seas 
CS Dryccoal Perisa.tb.Of 1U6l DEG DET NTA. emp seteneeeme emai ison telecine mre repre 
69) Combustible per'sq: it) .of fuel bed per Wry Won. enc centers see te clei one wire cence 
70 Rate of descent of dry coal through fuel bed, lb per ft. persq. ft. perhr ..... 
71 Rate of descent of combustible through fuel bed, lb. per ft. per sq. ft. per hr. 


CALORIFIC VALUE OF FURL 


72 Caloritic value by oxygen calorimeter per lb. dry coal, B. t. u......... ....... 
Calorific value by oxygen calorimeter per lb. of combustible B. t.u 
“4 Calorific value by analysis per lb. dry coal. B. t. U...... .2.0 cave ccec cre cccver 
75 Calorific value by analysis per lb. of combustible, B. t. u 


WATER 


76 Total! weight of water fed to vaporizer, We..0.. ...cascsveneos ence secs aces es ; 
77 Total weight of overflow from vaporizer, lb..... 
78 Water! actually evaporated in vaporizer, lb 
79 Total weight of water fed to producer, lb............. .eee veces 

GW LOWM VA OLIZELL cconsiquvene melee Meee ent ernie 

OL AINAIN 5 ccmien. cae ence ae 

(Ane Ue cot: We een Penn A A te) ied i remo Srarionrianh GEcGOGeraCO Gtobs adams 
SOR Dotalweilcht of water decomposed sacra ae cece eee eee ence 
81 Total weight of water in gas leaving producer, lb 
82 Ratio of water decomposed to water supplied........ +--+... cece ceee cece vee 
83 Weight of water decomposed per lb. gas generated, 1b 


1Steam fed to producer, where vaporizer is not used. 


100 
101 


102 
103 
104 
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Weight of water per lb. of combustible consumed, lb...... 
Weight of water supplied per Ib. of dry air used, lb 
Total weight of scrubber water, lb........... 


WATER PER HOUR 


Water evaporated per hr. in vaporizer, lb.. ia rsletsincdis ancien eee anaes RAO 
Water evaporated per hr. per sq. ft. of Spe Reine sur recs in vaporize”, lb. 
Weicht-ofwateridecomposed perbhrin lly scace ceca cence ctw deidcne ca. Rene. 
Total weight of water fed to producer per hr., 1b 
Weight of scrubber water used per hr., lb 


QUANTITY OF AIR 


Per cent of moisture in air, per cent of dry air 
Total weight of dry air, lb.. 
Total weight of dry air per ie Tb. 


GAS 


Per cent moisture in gas leaving producer, per cent of dry gas. 
Per cent of soot and tar in gas leaving producer.. HA st. Bogo 
Calorifie value of standard gas from analysis (hich wai) B. t. U. per cu, atk. 


104@ Calorific value of standard gas from analysis (low value) B.t. u............. 


105 
106 
107 
108 
109 
110 
lil 
112 
113 
114 
115 
116 


117 
118 
119 
120 
121 
122 
123 
124 
125 


126 
127 
128 


Calorific value of standard gas from calorimeter, (high value) B.t,u. per cu. ft. 
Speciiic weightiot Standard gas) Loe PeriCuiethsens ss ce caitissclclnents viel st viele) aieiaie 
Specific heat of dry gas leaving PrOGUCEL wide. ce ewe cece cence ves wes eee nen 
(OPS Xe aes yn Kel CAs bar oar ie ROR OOD CH Btncrine TOR ernie mneMCnOIaeae baceonortor ceicmonad 
MOGtMUVOLIMIE STAM ALC, CaSiy CU sk Grow yieiacnee siete crete sielslela\ohey erste iatene Ye ejatele\eTefaltesicety le 
WOME OL SUAMO ALCS ASH Wet Li OU isl Gn rcrate/alere ele, siters avare cerns acon nate) ieveueieiaiclaleraeleiel aiciate 
Volume'of standard gas per 1D. Of FY COAL... ccc. i cece sine vece pennies eee sneieres 
Volume of standard gas per lb. of combustible. .......0......20 ceccen conten eoee 
MOEA WELSUGOMStATIG ALON AS) lk recrevera1(elsisteraieteierrlelevere ete. aisicveleteave ois (elelens elsipiel ey sterdiere 
WREISHUOL SUANOALC ISAS DOL UNG LD seers cio asec wseleiere ele /~b nvellsiele\aiele! wisi Gie/eynielaleieir adiaieiale 
Weight of standard gas per lb. of dry Goal PLE UO Aieserioacinee: vebiatescine stars 
Weight of standard gas per lb. of combustible CONSUMEG MDs miter Meieicteustetere 
GAS ANALYSIS BY VOLUME 
(CE Tiara aheraioey ClO: ah ea cbnub cad aeos De acbdee B00b Sapamecrua sono aMando cddedD Goud. 
(Goya rorarrenervop akeley, CO) .a5 on apo popadnna cope oqoe bocemeonanqaos Dodd dnoDE OoGe cee 
(Oycoiials COWneen npecsoudeouacnaclis jO0dus soa non nou comoos moun aon OnncnO DObooracbanc 
TeAYehae, 2S Och Anongs cue ULcuMOOHdOMAeHe unde | eotnusoemOUsodmOODOOUs Dugoo dda 
IWR aK (CIS Us bo on qoun. pedo doo unee Moor onep dog, connouNoes0n onnudooLpomubdagiosn. 
(Onertenatnracs COSee on hang dondon adenioog.aaunngeuDEBnOpobr ati te seestete yale e 
Shibboinishpolios-aloy SOMA he anc odode oeanncone bdo don Oonoom kod cocoa onocooonC Or A 
jabyebroqeocjounamGloy 185 Gener ca Gnds aooecu mo oucu oUGed eavado SopuerreuodoodooG 
NAH ROEolaly INH lonyObhadssde(G@\nano gon 6000640 0800 usb obeo angony Dudu sona noonoon ouorc 
EFFICIENCY 
GTAbE CIICIENGY) DEE COM by as aeiee cernlelielilicines lela erelelslie12/2 a rigieieisisisiziaia) ieee) 9 sie 


Hot gas efficiency, based on high heating value, per cent............... 6.555 
Cold gas efficiency, based on high heating value, per cent......-. 1... .s.s eee 


128a Cold gas efficiency, based on low heating Valle, DEL COND nee: vsice cone cusnen eens 


5 
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EFFICIENCY BASED ON 100 PER CENT GRATE EFFICIENCY 


1286 Hot gas efficiency, based on high heating value, per cent....... eislsiVortaeeeciee 
128¢ Cold gas efficiency, based on high heating value, per cent.................065 
128d Cold gas efficiency, based on low heating value, per cent............. 


COST OF GASIFICATION 


129 Cost of fuel perton delivered in producer TOOM.........20: ccense even vesecee ve 
130 Cost per 1000 cu. ft, of Standard gas), CONGS seen cere visite c+ seid ive oe sane eieiels 
sie Ciath. scrupber water per 1000 Cus ft; aS acca seen eee ce teers ciel sisietaveiciaieletatele 
POKING 
Esme RC ULNOCL OL DOME IN Se 5 asa sida ererasasey vse fuses snunatate sin ete caer ane etre Tae Sasa a refers Pe aR ana Cee 
PSSM ECUONCY OL POKING 4s. catacioteie. clsicioersoctelaeaeelsee tet Ie a tereilcle Cia eee ePareeae 
; FIRING 
RSSemeVEC UNO CU OL Li TRIN ES s,s cyeser S75 oot oats toch sig cueearsrateisian ovsteraohave olesorar nha tel siov ee aie late verte ioietale 
HORA VCTALeINbervals DEbWeEENTILING 2 .c.,sucmi saison sie staciceeen esa nee cle seer ae 


136" Average'amount of fuel charged each time, 1D. ...0-. 0... csc. ocnes se csercvccene 


HEAT BALANCE 
DEBIT 1355, GU ais 


a Total heat supplied per lb. dry coal...........:. 
Total heat supplied by air per lb. dry coal...... 
ce Total heat supplied by moisture in air per lb. 
GARY COB S RSs cetencite cates aoe eee 
ad Totalheat supplied by moisture in coal per lb. 
GLY COA tons isierin cutee Ree Ree 
e Jotal heat supplied as sensible heat in coal per 
Ws ALY CORE a sericlasieisecsinta Serste. Hosea emai ee 
f Totall heat supplied by water in vaporizer per 
Le ORY COAUG eicsccerincucr ase atin cane eee 


> 


CREDIT IB Seni Per CENT 


Heat contained as sensible heat in dry gas..... 
Heat contained in moisture............. 0... 0..: 
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FORM 2 RESULTS OF GAS PRODUCER TRIALS 


NO. OF TEST DATE, TIME OF START, 
TIME OF STOP DURATION OF TRIAL, HRS. 
KIND OF FUEL. 


DIMENSIONS AND PROPORTIONS 


ieDimensions ot erate; ft. vn jscckaeciseecee tree eee eee 
OPE CAED CEST CO SOs: LU oaaeconetere cae seecsc te OEE ee 


1Supplied in steam, where vaporizer is not used. 


GARLAND-KRATZ—TESTS OF A SUCTION GAS PRODUCER 


Mea mdiameterottuelipedy tte. serwsaiw os esucsn cieccee \secedsoeace AgeMonomadane 
MOpUBlon teh bad ere ces Mis resco Beech eevo Ge Abetst ae 


Wiateriheating surfacedm vaporizernsd atta ccsccscciesaes dese sanete cen cone 
Outside diameteror shen tho. ico s odoecc ood scenso cece 
Length of shell from base to:top of magazine, ft.......20cceccs+ sewer eccess cess 
Ratio of water heating surface to grate area —to 1.... 01... e eee ce cece cece ees 
Ratio of minimum draft area to grate area tO. .... 2.02. eee eee cece cece cece cees 


AVERAGE PRESSURES 


Average barometer reading, inches Hge.......... efavorerciersiere rss rere emake 
Average corrected barometer reading, inches Hge...... 0.0.0. cc eeee ceccee pecs eees 
DrathiniasbaprermMOMesuwia bOL ccc peveter cule cineseciie eis aiere sscicaadkee te oye elecial orereteveern ee 
Suction produceroublen: Anches waver snaaa-teics cee ce cuvee creo ieee csiies 
ADSolute pressure at produceroutlet, 1nCheESs He. Ais one cece ve ves ce enesa cic 
Suctiona Porih Ce, lmebe Sma tOt se seceeovaescicismiad wists saielele « elviese crerstarneinenere niece tewks 


IPTessure atIMELELS,. INCHES! Wa LOE soe toes ops Aer iets di sic ss n1e)n “o's cralfoietcloucstouslay ciacVoqeress¥al etasia 
ADSONIES DLESSUTEIAEAMCCES, TUCMESIELDY i ceisjercversint nels sais ois selels pe site) -iercrainainrevereyiere 
Vapor pressure at meters, inches Hge................ iis clea’ o  oleresie Siete ac arora a PtSiere) are wrens 
DEY TaAs DLCSSULE AG INOHCLS, TIC TIES EUS 5 5 cis cip iatein ein burs in wine, wieiese) wfera aleierra wlecou'@iela wefereciate 
Siotion at MmeteDtTOr- dryer, INCHES: WATER. 665 ce cites. © otvcwice wsicev ele erie wise Here ee 
Absolute pressure at meter for dryer. incheS HE ...........2e veers cence secees 


AVERAGE TEMPERATURES 


At barometer, deg. Fahr. 
Grirakroayovopsas to ever) DAY Ween Cooanomndean Hedy crave pocorn 
Of fire room, deg. absolute Fahr 
(CORA, OES UN thes 54 csocdberodas Hoctod CHUMIoOn DOCSUOMCRAO Me TR OUOTn sno OODG 
Of feed water entering vaporizer, deg. Pahr...... 22. 2.02 cee cee een eres esecers 
Overllowstromrvaporizer, Cee MANE ec cr cereceeieieroin o(clioacroiele aahieloleyoieioikers sinjelvtiecersomaie 
1 EIKYEy a Fob eg OOH NPAs bee beyegel EH Mia. ganna Rone aoae oman TOT ood COoUt bn sandr eooreoeoosasocc 
Ot watetenterine scrubber, deg > Pane a. cian. cores Sasi lie a cies Seine mies viene ainmleyaisie's 
Ofiwatenleavincsc rues i Sse MAT erates ierieleictarela\aie) erelelolanie s latsle\e a/elelel eirlelele sels)ana\ej n1e/et 
RRISCUMISCTIMD DEI le ce kcitlnmern ate tite stoma steVetcteiacintster evarel a siet atersiel olr(cVeusloxejalielsiet= siqstieyaschelstsis 
Of gases leaving producer, deg. Pahr..... .... cee cece ee lene eee cree cee e eee 
Of gases leaving producer, deg.abs. Pahr. ... 6.1... eee ee eee ee cree erence cece ee 
Of gases leaving first scrubber, deg. Pahr....... 2.665 cee ee eee ee eee tere ees 
Of gases leaving ffrst scrubber, deg. abs: Panr....... 61. ecee cece e eeepc eee eee 
Drop in temperature of gases in scrubber, deg. Pahr....... 00 -... essere eee ees 
Of gases entering meters, deg, Fanr.....- 6... cee ee eee eee eee e cere eens 

Of gases entering meters. deg. abs. ADE ny Raed Rana CIC Bh Pass ONUOOD Socm een nocd 
Of gas at meter at dryer, deg. Fahy . 1... cece eee ee eee eect eee cee eee eee 
Of gas at meter at dryer, deg. abs. Fahr..... occ. e eee eee cee cece eens A 


Size and condition.......... ..2. ...e ee eee HA Sm GnatonenoPapa CO UOC OO TG OReAD 
Weight of coal as fired, ID. .... 2... cece eee eee ee ere teen cee cece ene e es eens cane 
Percentage of moisture in COal...... 6. cee eee eee eee ees Sa Bccyerorateiscis.s)9/9j5 sre snetasts 
Total weight of dry coal fired, ID ..... ee eee e eee e ee eee e eee cee cee e ee eee eee 


(Ht 


Steam pressure may be substituted here in case the water is not supplied from the vaporizer 
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59 


68 
69 


86 
87 


Total weight of water decomposed as used in calculations, lb 


Motel ash And LELUSE, WDccvecene secre cleite eos eieiele cielsirics'e BRAM ODP Ton oUt aioe 

Quality of ash and refUsSe.... 2... cece lee cece cee eee cee e cane tee eeeneres eeeees 
Total weight of combustible, 1D...... 0. cece cee cece cee cere eter tenes tent e ene ees 
Percentage of ash and refuse in dry Coal, per CENt.... 6. cee cece eee ee cere eee 


PROXIMATE ANALYSIS OF COAL 


WEXEA CALDOM a DEL COM tis cc ecccsists wie ea yecclert seleroie''e ere lersteinin a aidlatereselelyistiriatsleisllvletelesisusi: 8/e/=1s 
Volatile matter, DET CENb.... ccs sser ccs ence SURG. cert a eine eacevee rate alsin syle 
NEGISHHNO MDONICCNb caqeeu as Seee cre cee: er re I ROE ere ac oetrt the 
INGilyg We) 0) 1 nA ENE aGORO HOOD aan doc Caen JGoUt tors crabod hand © On dQocseee sateen edaenS 
Sulphur, separately determined, per CENE.... 6.1.6. eee ee eee eee eee eee ee cae % 


ULTIMATE ANALYSIS OF DRY COAL 


GAL HOW Ch POLO bis craiasscanceterel ol svelsiersicererelecsraun euepolicia teins tovelelletetp ntaleee'etet yettelatafeitatentetls| eariseatAccsate 
Jebigohyoyerevo wal s Om oy aK ole) ols Baigog pane Sanco Arno oO aeao Oo ccd0ced codon Soboo” Sobodo sods ooG7 
Cea Ya OPIS IoC discs meets go rono cpr eOOnsoU COSBoncoGo ana o.one odcHo, codat once 
INGDNOSEN. ING DEP COG. «sera tercie weyers ts na /2/ape Batereie wiki oem wlan ela eae SREP 
Spry Tap ISS ol ae eo agaponomorsom Duna socasy bade odc0 Honmooon Gaguoado0 masse 0g? 
Ash, per cent. 

Moisture in Saarie ous as Ss paeoly eal per Genk 


ANALYSIS OF DRY ASH AND REFUSE 


(OLWE braiaboy o/h nod AOR ee oh eG Sana reco Oana tidtts dart aot andor Cana. ccogscaonode Goaen 
Earthy matter, per cent 


a Si02 
5 : A1203 
Fe203 
¢ MgO 
ad CaO 


FUEL PER HOUR 


DEV COSUATCE DOT DES, Ls aieven twas oe corinne tab Sank isiaterccvonate tarot atte ath aseoh er bia eee tetera areas 
Combustiblecconsumed per Wey. Wyck cree elect naomi sjarnietemin eres iatatostetetentere eeenuereie raise 

Pry coal per-sa: it. of erateiaread per bar, We aga ccecciemip covet re stares weet eles eaters 
Combustible per sq. ft. of grate area per hr., 1b 
Dry coal per sq. ft. of fuel bed per hr., lb 
Combustible per sa. tt. of fuel bed: irs, Wisk easy amie senecicte vstentehtmicte as rermieateereters 
Rate of descent of dry coal through fuel bed, lb. per ft, per sq, ft. per hr....... 
Rate of descent of combustible through fuel bed, lb. per ft. per sy. ft. per hr.. 


CALORIFIC VALUE OF FUEL 


Calorific value by oxygen calorimeter per lb. dry coal, B. t. u...... ........:.. 
Calorific value by oxygen calorimeter per lb. combustible B. t. u 
Carlorific valuciby analysis, DEL LO, yaCOaly Exatin Uiseneircite rena creme eerie reiieiictome: 
Calorific value by analysis, per lb. combustible, B. t. u 


WATER 


Total! weight fed to vaporizer, lb 
Total weight of overflow, lb..... Sie, state agelste d O:eu tea ate ebMNw hei Sie Ries Cute uieiaS 
Water! actually evaporated in nanoncor ib. enim o 4a) 8 lasphecnts ie Weve [erhtes arenas ver Iattcwpahate a cane 
Weight of water fed to producer, 
a@ From vaporizer! 
6 In air 


Total weight of water decomposed from analysis, lb. 


1 Steam fed to producer where vaporizer is not used. 


100 
101 
102 
103 


104 
105 
106 
107 
108 
109 
110 
111 
112 


113 
114 
115 
116 
tes 


118 
119 
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Total weight of moisture in gas leaving producer, lb 
Ratio of water decomposed to water supplied 


Weight of water supplied per lb. of ‘ary coal fired, io. AC CUCAIO BO AS 
Weight of water supplied per lb. of combustible consumed, JID Be te seceatieneeritecesc ees 
Weight of water supplied per Ib. of air used, 1D.... 00... ...eecececeese cece eee... 
Rotaleweisht of scrulbbperawaber, Dieses. deat ees. eee, aces decnes ects cele 


WATER PER HOUR 


Waker evaporated per hr inivaponizer.\bma.sies os setae ence eee eee 
Water evaporated per hr. per sq. ft. of water heating surface in vaporizer, lb.. 
Weizht of water decomposediper hrs. Ipsesascens-cce osseeec coe. dees sens as 
Total weight of water fed to producer per hr.,1b.:...........ceccee peceee cs cece cece 
Weight ofserubber waterused per hr, MW... o.. 4 ns csiee suse ae ue cone oocce eens eee 


QUANTITY OF AIR 


Relative Hum aityOMain DeriCOnt aawtces somes cs ciRicade toes seus on een 
Per cent of moisture contained inair, per cent by weight of dry air................ 
Motel welshtiot Aryalnibycapalysis, UD cia, ceemsueic oe cme sence vances eee consent 


Weight of dry air per hr. from total used in calculations.......... ccc. ceecee cece 
Weight of dry air used per 1b. of dry coal fired, Ib...... 0. 2 oc scc. ceee cccceee ences 
Weight of dry air used per lb. of combustible consumed, lb ........... ..seece cone 
Weight of dry air used per Ib. of dry gas generated, 1b.... 2.0... ce eee cece eccuee 


GAS 


Volume of gas sample passing through meter at dryer, cu. ft...................- 
Volume of standard gas passing through meter at dryer, cu. ft.........-.0..0 ee 
Total weight of gas passing through dryer meter, lb.. ee ae 
Percentage of moisture in gas leaving producer, from ss per ant Be gas. 

Percentage of-moisture in gas leaving producer, from water fed to producer, per 

cent dry gas. BoaAC 

Percentage soot arid ae in gas eating prance er, per cant Se aac telisa nd ced caraee RPE 
Calorific value per cu. ft. standard gas from analysis B.t.u. (high value)......... 


119a@ Calorific value per cu. ft. of standard gas, by analysis (low value)............. 


120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 


131 
132 
133 
134 


Calorific value per cu. ft. of standard gas from calorimeter, B.t.u. (high value) 
SpecuicrweimnuOLevandard. Sas, 1D, DELCWs LU misc sic sisie, eines sions alelainaien cleuitendaterslae 
Specificiheatiordry cas leaving ProGUCer . occecrose wm visions oe cielecietesinae eels) (ss lnsre 
CALDOMEP ALLO OED Nemcteerataiclaro a sateisloeie ser ps cine Crendel etola Deis wiol nets chkla Whe. oslo elon > sia sorsenuareine 
Total VOlUIMCLOn CAS LPOMMMELCTS) CUL Lone acti clamictern « soups fasisleva cies /elelsluies ie! celelersts 
TNotalivolume of standard gas; from MEteCrs; CUA Lb nen ccccincs cence ce eues ewmiens 
WOvAUVOLIME OL StANGALG cas LLOMD AMALVSIS OUWs Lbs tte sney-snininlbs isles «lcleiel «les oe alain) woiein 
Total volume as used in calculations, CU. ft... 6. 6s60 secre cone mean seveps Mobs Magttuarere 
Volume of standard gas per hr. from total used in calculations.................. 
Volume of standard gas per lb. of dry coal from total used in calculations, cu. ft. 
Volume of standard gas per lb. of combustible from total used in caiculations, 


Total weight of standard gas from total used in caloniationsy ‘Tb sbie tases 

Weichtoft standard gas per Drs, WDice. iscsew erie cee vee viedo ieels amass ne 1 sm sinisinivle 
Weight of standard gas per Ib. OebaanGar hy ill scontjancog UoOmOEnD outers nOnomnorna do 
Weight of standard gas per lb. of combustible, 1D.... 2.2... 6. cee eee eee cree eet eens 
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GAS ANALYSIS BY VOLUME 


135 Carbon dioxide, CO2 

1362 Carpor MOnOkIde; CO acct. warmed visas a crete a crn acamle broek oieee eters i eeea eter sees cee cate ee eS 
SEF ORGS OM: ODS oaccrsarevareralarel acer Brateievocevayela - aveyerieleletevs ein erccrstare cavayarel ayetare tala eal orotate eenereaevoyete meester erro ete 
NSSMELV ALO GON, LO siecsce 1 aseteta stoviassius oie es eisetor'sraret ere on sVeyetarclay evetele slants reltiere roreesToretoitoreisielate re ioteiecmte tortie 
ABO me NALS ass: CUETA oy. ccovs.ci svete, eatery on eal ove oieboeistacpomcseie ohsvertercTeuctah paratera(stawetet en eieval gn tylelstensieteteeecc steers 
PAS ROVER ATG CRS, DELS sia: sic saearaic cos auras! ae: slater aaahiage uy atte eval ie bea e co mimeo our oh abeideseaaneNer ae emcee neat 
TAL CSULONGT GiOKIAES; SOG acceso. vo steps ners args ere cois slot erate auxin ye ceyOVeay, sooner awe mata seletle sistant ala 
4D et AOS ECM SULD RTGS LSS 6 orate aretevarstonciareiesietn starcvoeistaravetsheleverialeltiaseleratsteteLatcm@ie re outrfeyeivercte aerate 
Pate LEYOwele ING. DY “ODeLeMGGr it stew nana rs esate o1é aate|janteeraebs,siataieienath isin; atarclatsietg mate teres Reta Aner 

GAS ANALYSIS BY WEIGHT 
PASCAL DOIN GIO NIAE 5 OOD a ores. Seccvern ere eters aia cahars oteieratial eee eis rels Ae ae aaah: tale relate aie ate ioe 
PATIO TY TOTO KIO MO ace oy viens ccatuia tera rsanalertela ais sarstiel oye auems gece ete oentemaee eee aieasie cation atte A 
PAGE SS Vi CED CID six in arass zrosnvn'e sasatncetaltin, Eeaidvaie Valois atsyePw aie Sjacrevalidlatarscaje ebiglehapave sets lola encennne) ote ionetetentie 
A MMPS CL OS CU yy EAS tsraa stewie ose sti we Siarete) La nb nrebayevs mtalertaco gate cldaceyetwene ate lace. eee eaeieke oie aes eae ies 
10 IES TS eg a Oo o © Ieee ene OE Oe eer ce Le eT eine CcmineR ens ac MAGS ree 
PIO MOVCNA IG CAS. COTA onc. chery. ley sinew esta co syee esvnalsvotenlthviaie Sintetrovs/stalleheiareiiece ratelete isin (eieoatsiarerataie aleve alas 
PSO MOUIDMUTALORIAE:, ‘SODis.cssecwre tse ssat cravelensyer tee fe slave ores Se cers ial eee ole rish ele aleeae tera i mera sean oats 
Loe MELYALOSeN SUlpPMIGe! 5, LOS siarepotravs'ostevaroven cveleie tote wyes eosist) wasloialssfereinaaost claves) aineseris eine) eraietattereees-are erste 
fre ItPOSED; INO _DI*OLMeLEDCE: « pie ceicieaiere wade vate Ale seus eine iinen tetas Gule corisous vinane-cie ane aeer 
EFFICIENCY 
AD om CLAVE CINCIEMON 5 DEP CORE «ois nso isisislela or = meine vie uo simile eeu eeinusmiaiebciants fasicie citiatees oe eutnals 
154 Hot gas efficiency, based on high heating value, per cent................--....5- 
155 Cold gas efficiency, based on high heating value, per cent................ 0.020 eeee 
155.1 Cold gas efticiency, based on low heating value, per cent............ ccs. eeee cece 
EFFICIENCY BASED ON 100 PER CENT GRATE EFFICIENCY 

155a@ Hot gas efficiency, based on high heating value, per cent..,,..----........ sees 


155) Cold gas efficiency, based on high heating value,per cent...._- oshdlaarah tee 
155¢ Cold gas efficiency, based on low heating value, per cent................eeeee5- 


156 
157 
158 


159 
160 


161 
162 
163 


COST OF GASIFICATION 


Costioftucisper tonidelivered intproducerirvoomr. sass sie nee sce sectioe nee ae 

Cost per 1000 cu. ft. of standard gas, cents. ates jah ouarsiiverchareeasayeheielePus 

Cu. ft. scrubber water per 1000 cu. ft. Bandar AST ting cris dtaoncha.s eqaet nvr srontot Laie 
POKING 

Method of poking.... qactenras ue wars biie denienere a Meame Corer einen ISTO IR clin ee) ase ate 

Wrequency Of POKING /o..« dono sncules ete) san hee ees aerate valle Siete acs tapas aces ees 
FIRING 

Method of firing ........... 

Average intervals between firit BUENOS 5 Se sade ware ace eee ete ese oro rsinih el rarer atic re Sato REESE 

Average amount of fuel charged each time............ ..cc00 cece eee 


HEAT BALANCE 


DEBIT Bot o. 
@ Total heat supplied per lb. dry coal...... ----- 
b Total heat supplied by air per lb. dry coal..................0-. ee. 
c¢ Total heat supplied by moisture in air per lb. dry coal........... 
da Total heat supplied by moisture in coal. ............. cece ce cee 
é Total heat supplied as sensible heat in coal.................0eeeee 
Jf Total‘ heat supplied in vaporizer water........... 


1 Supplied in steam, where vaporizer is not used. 
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. PER 
CREDIT B.T.U. CENT 
a Heat contained as sensible heat in dry gas................ 0005.00 
GTHOal COntaMed AMUNOISCULE hm cicmnc ceca ete ee ce cal tie-els fais leoek cerseee 
c Heat contained in dry gas (heat of combustion).................. 
d Heat in unburned carbon.......... sats 


e Heat contained as sensible heat in ash and refuse................ 
7 Heat lostinioverflow from Vaporizers... vein. .0sce ca cesses cows 
gy Radiation and conduction, by difference................000 cece eee 


FORM 3 GUIDE SHEET CONTAINING ALL FORMULAS AND THEIR DERIVATION 


The item numbers refer to the items of Form 2, and are arranyed in the order of computa- 
tion. 


Item 4. ‘“‘Depth of fuel bed’’ is to a certain extent arbitrary. In order that the term may 
have a fixed and definite meaning we will define it as the distance between the upper 
edge of the ash zone and that section of the fuel bed from which the gases separate and 
leave the fuel. The upper edge of the ash zone can ordinarily be readily determined by 
inspection. 

Jtem16. This reading is the average of the barometer readings for the test and is not corrected. 

Item 17. Item 16corrected, The following for aula nay be used: 

Let H = corrected barometer reading. 

¢t = temperature, deg. fahr. 

h = barometer reading corresponding to temperature ¢. 
Then H = h (1.00254 — 0.000079¢) 

Item 17. = Item 16 (1.00254 — 0.000079 X Item 29) 

Item 18. = Observed. 

Item 19. = Observed. 

Item 20. = Item 17 — Item 19 X 0.0735 

Item 21. = Observed. 

Ttem 22. = Item 17 — Item 21 X 0.0735 

Item 23. = Observed. 

Item 24. = Item 17 + Item 23 X 0.0735 

Jtem %. = Taken from steam tables using temperature in Item 44, 1 lb. per sq. in. = 2.()4 in. 
Hg- 

Item 26. = Item 24 — Item 25 

Item 27. = Observed. 

Ttem 28. = Item 17 — Item 27 X 0.0735 

Jtems 29 to 47 inc. The observed temperatures should be corrected from the calibration curves 
before being placedino Form 2. The absolute temperature = the observed temperature 


. + 460 deg. 
Jtem 39. This item is observed in deg. Cent. and should be transferred into deg. Fabhr. 


Deg. Fabr. = ae. Cent. + 32 


Bach observation must be transferred. 


Item 5). Taken from Item 67. 


i Ttem 50 
Item 51. Item 49 (1 er oe 


/tems2. Taken from ash sheet, correction being made for any moisture taken up in the ash- 


pit. 
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Item 54. In these tests the total weight of combustible consumed will be taken as the total 
weight of dry coal fired, minus 
the weight of ash computed from the analysis, minus 
the weight of nitrogen— ? X the weight of oxygen, minus 
the weight of carbon contained in the ash and refuse and equals 


I Bt Item 51 X Item 66 — Item 51 X Item 64 — 3 Item 51 X Item 63 
tem 100 a a 
__ Item 52 x Item 68 
100 
Therefore, 
8 it I 68 
Tien GA SS. ise Gal 1 Item 66 + Item 64 + 3 Item 7 tem 52 xX Item 
100 x 100 
i} 
Tati ee) 


Item 51 


Jtems 56 to 69. From chemist. 


Ttems 69, a,b, c, d. Theultimate analysis of the ash will be made only in special cases to 
obtain data on the formation of clinker, 


Them 10, = item 51 
hours 

Item 71. = nee 
hours 

Item 70 

Item 72. = Teen eo 
{tem 71 

Item 73. = Tease 
Pyne bem: 70) 

Item 74. = Teenie 
Item 71 

i 65. = ——— 
Item 75 Tish ns 


ttem 76. ‘The rate of descent of dry coal through the fuel bed,” or ‘‘The dary coal per cu. 
ft. of fuel bed per hour,’’ which is the same, offers a means of comparing the rate of 
gasification in different producers that seems to be better adapted for the purpose than 
the expressions taken from boiler practice, viz: ‘‘coal per sq. ft. of grate area,” or ‘‘coal 
per sq. ft. of fuel bed,” the latter having been used in producer practice. 


Ae eitem 7 
Item 76. = Tem 
_ _. Item 7 
Ttem 77. = Tem 4 


Item 78. Taken from chemist’s report. 


Item 78 < Item 51— Item 52 & Item 68 X 145.40 
Item 54 


Item 79. 


Item 80. = } Item 61 X 145.40 + Item 65 X 40.00 + [Item 62 — } of Item 63] X 620.00 | 


realy = Item 80 X Item 51 — dbem: 52 _ Item 68 X 145.40 
Item 54 
Item 113. Total volume of gas passing through meter at dryer. Observed. 


Item 114. Total volume of standard gas passing through meter at dryer. 
effect of moisture. 


Neglecting the 


di 
— 
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Let p1 = absolute pressure in inches Hg. at dryer meter. 
tl = absolute temperature, deg. fahr. at dryer meter, 
v1 = total volume of gas passing through meter. 

P, V, and 7, be the condition of standard gas. 
P = 30 in, Hg. 
T = 460 + 62 = 522 


Then 


pwi_PV 
ae 


PlwiT pili X 522 17.4 plvi 
Pti 30k ral 


or V 


from which the value of Item 114 follows. 


Item 28 X Item 113 
Item 47 


Item 114. 17.4 


Item 118. Not considered in these tests. 

Item 119 and 119a. One cubic foot of standard gas, i. e. gas at a temperature of 62° Fahr. 
or 522° absolute and a pressure of 30 in. Hg. gives up the high value in the following 
table when the products of combustion are brought back to this temperature, and the 
moisture condensed. If the moisture is not condensed it gives the low value. 


H2 = 328 (high) or 276 (low) B,t.u per cu. ft. of standard gas. 
C2H4 = 1610 (high) or 1510 (low) B.t.u. per cu. ft. of standard gas. 
CO = 319 (both high and low) L.t.u. per cu. ft. of standard gas. 


CH4 = 1010 (high) or 910 (low) B.t.u. per cu. ft of standard gas. 


Item 120. This quantity is the average of all the calorimeter determinations. Each sep- 
arate determination by the calorimeter must be computed and the heating value 
obtained. The following formula may be used. The calorimeter readings are taken in 
centigrade units with the exception of the meter reading and pressure. 


Let ¢2 = temperature of entering water, deg. cent. 
t1 = temperature leaving water, deg, cent. 
r rise in temperature of water, deg, cent. 
W = weight of water used during the intervals = 8 litres for all tests. 
Gi = cu. ft. of gas used from meter 
tg = temperature of entering gas, deg. cent. 
pg = pressure entering gas inches Hg. absolute, corrected for vapor pressure of water 


(see Item 25). 
H = heating value per cu. ft. of standard gas (62 deg. Fahr. or 16.7 deg. Cent. and 30 in. 


Hg.) 
ts = temperature of standard gas = 62 deg. Fahr. or 16.7 deg, Cent. 


ps = pressure of standard gas = 30. in Hg. 
Gs = cu. ft. of standard gas. 


I 


Gipg __Gsps 


Ts Ts 


GixXpeX Ts 


ilies TgXps 


Where 7g and 7's are in absolute deg. cent., 
02)" 

Total heat per cu. ft. standard gas in B.t.u. 

Total heat absorbed by water = W XX? 


=H 
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WxXrX 3.968. WX 7 X 3.968 
= Gs G1 X pg X Ts 
Tg X ps 


i 


8 Xr X 3.968 X Te X 30_ 
DG SpE Se E73) 


Te X 7 X 3.29 
Gl X pg 


where 3.968 is the conversion factor. 


In this formula it is assumed that the exhaust products are brought back to 62° EF. 
This is not strictly true but the error introduced is negligible, when the error in the 
use of the apparatus is considered. There is wnother error due to the exhaust products 
carrying out more or less vapor of water than was brought in by the entering gasand air. 

This error will also be small and may either be positive or negative depending on con- 
ditions. The entering gas will in most cases come from direct contact with water and 
will therefore be saturated. The air ordinarily will not be saturated. Oncombustion, 
moisture will be formed by the union of the oxygen and hydrogen, there will be a con- 
traction in volume of the gases due to the combustion, and also a contraction or expan- 
sion due to a change in temperature after combustion. In whichever direction the 
change in the weight of moisture in the out-going gas from that brought in by the en- 
tering gas may occur, this change may be considered very small; for the contraction on 
combustion will be comparatively small, and this contraction will partly offset the un- 
saturated condition of the air used forcombustion. Also the change in temperature of 
the vut-going gas from that of the entering gas will be small. 

The heating vaiues as given in Items 119 and 120 are the high values. 

The values obtained from the analysis will be more accurate and will be used in all 
computations. 


litem 121. The specific weights of the following guses at 62 deg. and 30 in. Hg. are 


COz = 0.11610 CH4 = 0.04278 
CO = 0 07362 C2H4 = 0.07370 
O02 = 0.08418 SOz = 0.16380 
H2 = 0.00530 H285 = 0.08682 
N2 = 0.07400 
121. = [Item 135 X 0.1161 + Item 136 X 0.07362 + Ltem 137 X 0.08418 + Item 


188 < 0.00530 + Item 139 X 0.04278 -++ Item 140 X 0.0737 + Item 141 X 0.1628 + 
Item 142 X 0.08682 -++ Item 143 X 0.0740] xo 


‘lem 144 to 152. Calculation of the gas analysis by weight from the analysis by volume. As- 


sume that we have one cubic foot of gas at 62 deg. Fahr. and 20 in. Hg. of the following 
composition: 


ANALYSIS BY WRIGHT 


VOLUMETRIC ANALYSIS SPECIFIC WEIGHT 

PER CENT 
CO2 = a@ per cent 0.1161 = Wa vee Taxa 

b 
co = 0.07362 ~ Wb pee 

Ww 
O2 =c 0.0818 = We eos 

Ww 
He =d 0.00530 = Wa p= “ead 


Ww 
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CH4 = ¢€ 0.04278 = We Ha Were 
W 

C2H4 = 7 0.07370 = We i Oe 
W 

SO2 = g 0.16380 = We Ce ae 

HS = h 0.08682 = IVh A= om 
W 

as Wix ¢ 

Ne =i 0.07400 = Wi = 
i oh W 


Where W = [aX Wa+bdX Wo+cX WeteX We...... +i X Wilr3o = Item 121. 


Jtem 122. The specific heats of the gases vary according to the pressure and temperature AS 
the pressure used throughout the experiments is atmospheric we have only to consider 
the variation with the temperature. The following formulae taken from Zeuner, vol. I, 
page 147, give the specific heat for constant volume Cv. 


1CO2, mCv = GEE Os OU AT re aavcteior aie Giaic cisissgacluncs-mloete ae Pen EMERG (1) 
H20, mv SSA AUS UO? SOTO aN ache er ee APP EE SORTER ASHES (2) 
OUND CO Wi Ge ==" 4 16 t= 0 OO24AY se aurea costs Sictacio crore cnroiclel sucieleseonie eee alae nat (3) 
mCp — mCv SAO SS ate aercrciera sa cls crete cisie-atoy oe viele na eieineiosiem aaa oa Riauaie eereneietaters (4) 


For the specific heat of marsh gas CH4, our other constituent, we will use the value 
Cp = 0.6. This is approximate, but as the quantity of CH4 is small the resultant error 
is consequently small. 

In the above formula, m is the molecular weight of the gas, ¢ the temperature in deg. 
cent. and Cy the mean specific heat between zero and ¢ deg.cent. Cp is determined 
from formula (4). From the above formulas, the analysis by weight as determined be- 
low and the temperature of the gases leaving the producer, the specific heat of each 
constituent in a unit weight of the gas may be determined. The specific heat of the 
gas will be the sum of the specific heats of the constituents. 

Substituting the value of mCv from formula (4), and the value of m, and changing to deg. 
fahr. we have from the above formulas: 


HOT COL Opes 10 1 Ot ers OOD Tab ae aot crelerela ccitisiv are vue leteieteree Sasa oie e tire colsyaletay, 4 saat oheenereeer ene oeeeneee a 
HOOF O pis OF 2G a= ae OOO TOG 2a fiat orsten stata Shaseralay a) sparetara "ara olet abe rone creveielescirs: naff exciniate eee ern erage b 
LZ MODE POSSDDs ri) OOOB TRE sci. acre essa or veie o, ocaie\ayi oveceiats a:b) eyo vevarefolnia bs aisjeue cis eiwiere aeonietorate vend 
OO Opt OS2E si 000018 AT notice meee seresssote sirete x cnaiestis rs 10 pnslot's, avo relata otis ela) anya taerane eters estetees d 
IN OMe Cp ar O24 goat as OAR icy ctevccake,=ic¥oreiotate wid et ersisia staeislate caralursionaiciaisjar exsiojarataleieiianicieneleteReeyela é 
Gf 2 OR GL oof RG ty, GR ok ea ARI Ente i CE CRC CIS ADS UR OncIC OC ra TE UCL Nance a can aroun ia 
Os GSO Se ACC Pd Boas] pono nbosc uo onde ac CoceaaMineman Goose bostce S1n50R g 


Let a, 6. ¢,d,e and f, represent the mean (Cp for the above gases between 32 deg. and ¢ deg. 
Fahr. Then the Cp of the producer gas = the sum of the products of the constituents of the gas 


by weight X the specific heat of the constituent. 


That is, 

Item 122=[a X Item 144 +c * Item 147+ d X Item 145 +e X Item 152 

1 
+ fx Item 148-++ 9 Item 146] 700 
Item 123 
1 2 3 4 
COZ —O2rma © CO=O47©) OHs— (C288 C2H4=2C'-- 2H2 
44 = 32+ 12 298 = 12 + 16 16=12-+4 9 =21-+4 


Total weight of carbon appearing in a unit weight of gas from the above = per cent by weight 


3 aa wake, aay | s, pos sent by 
CO2 X ji00 + Pet cent by weight CO X 700 + per cent by weight CH4 X 400 + per ce Dy 


1Mallard and Le Chatelier’s Formulas. 
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: Ss 
weight C2H4 X 700 


9 
The total weight of H2 appearing in a unit weight of gas = per cent by weight 00 + per cent 


1 ‘ 1 
+ Wwe] va > a 9 oe 
by weight CH4 < 400 + per cent by weight C2H4 X 700 


or Item 123 = [Item 144 X 0.273 + Item 145 X 0.429 + Item 148 X 0.75 -+Item 149 X 0.858] + 
[Item 147 + Item 148 X 0.25 + Item 149 X 0.143] 
Item 124. Observed. 
Item 125. Let G = total volume of gas as measured by the meters. 
p = absolute pressure of this gas in inches Hg. as observed. 
T = absolute temperature in deg. fahr. 
t = observed temperature. 
The volume of gas G as measured by the meter is saturated with water vapor at the 
temperature 7, 
Let pl = pressure of this vapor in inches as obtained from the steam table. 
Then as the pressure » is the total pressure of the mixture, the actual or partial pres- 
ure of the dry gas is P— pl=p2. 
Let ps, Gs. and 7s, be the condition of standard gas. Then 
Gs Xps_ GX p2 L Goapele Glee 022) Geena ae 
Tec De ek Xp fF x. 2 oe 
Therefore Item 125 equals 
Item 124 X Item 26 X 17.4 
Item 45 


Item 126. Calculation of the volume of the gas from the analysis of the gas and the analysis of 
the coal. Evidently the total weight of the carbon appearing in the gas should be equal to the 
total weight of carbon in the coal minus the weight that is lost through the grate and the weight 
lost in soot and tar. This latter is small for the hard-coal producer and will be neglected. 

Let P = Per cent carbon by weight in dry coal. 
7= total weight of dry coal. 
Wi = total weight of ash and refuse. 
Pi=Per cent by weight of carbon in the ash and refuse. 
We2= total weight of carbon that should appear in the gas, or the weight of carbon 
utilized in the producer. 
= PW—PiWi 
cS 
100 

This carbon is contained in the CO2, CO, CH4, C2H4. 

The proportion by weight of C in CO? is 3/11, of C in CO is 8/7, of G in CH4 is 3/4 and of C in 
C2H4 is 6/7. 

Therefore the total weight of C contained in a unit weight of gas will be 

area 3/114+3/4 £+3/7 7+ 6/7 G 
100 
Where A, #, F, and G are the per cent by weight of CO2z, CH4, CO, and C2H4 from the gas 
analysis. 


The per cent of this carbon contained in the gas as CO2 is ae 
see = : B/1L A - j 5 
The actual weight of this carbon will be Ws X 100 We. Since W?2 is the total weight of car- 
bon utilized, from the fuel. 
One pound of carbon on burning produces 3% lb. of CO2. 
= 3/11 A 
9 eS 36 = Tat “ a 
We X Ws X 100 x 33s = total weight of CO2 in the gas. 


Let Vs = the specific weight of CO2 at 62 deg. and 30in. Hg. SeeItem121. The standard 
volume JVs of CO2 will therefore be, 
AWe2 
100 X Ws X Ws 
Let this volume equal @ per cent (from the volumetric gas analysis) of the total volume 


of gas delivered by the producer. The total volume of standard gas from the gas analysis is 
therefore 


= Vs 
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100) Vs 
a ars 
AX We 
ee ee 
Vis = Ox Wax Ws 
Item 126 therefore equals 


Item 144 < (Item 51 X Item 61 — Item 52 * Item 68) 
0.116 X Item 135 X (0.273 Item 144-++0.75 Item 148 + 0.429 [tem 145 + 0.858 Item 149) 


Item 127. Item 126 should be used as a check on Item 125. The difference between the two 
values should not exceed 5 percent. Item 125 should be used in all computations, 


litem 128 = iene len 
hours 

Item 127 

Ite = 
eNetee Item 51 
Item 127 

t SS 
Item 130 Tranese 

Item 131 = Item 127 X Item 121 

Item 139 = Wem_131 
hours 

_ Item 131 

Item 133 = item Bl 
_ Item 131 

Item 134 = Trae 


Item 135 to 143 From chemist. 

Items 104. The relative humidity, or per cent saturation is observed by meaus of a hair h y- 
grometer. This may also be obtained from a wet and dry bulb thermometer, and a set of psy- 
chrometric tables. 

Item 105. See Kent, page 484 for weights of air and moisture. 

Let » = per cent saturation, or relative humidity, Item 104. 
n = weight of moisture contained in one cu. ft. of saturated air at the observed tem- 
perature, Item 29. 


ae = weight of moisture in1cu. ft. of air as used. 
Ifm = weight of 1cu. ft. dry air at the observed temperature, then 
Item 105 = —““~ 100 = &™ = Item 104 x 
100m m m 


This formula is in error due to neglecting the vapor pressure of water; this is, however, neg- 

ligible in the present case. 

Item 82. Observed. 

Item 83. Observed. 

Item 84. = Item 82 — Item 83. 

Item 86. The weight of water decomposed in the producer is evidently 9 times the weight 
of hydrogen formed, since 1 lb. of water on decomposition yields 1 lb. of hydrogen 
and 8 lb. oxygen. The total weight of hydrogen formed is equal to the total weight of 
free hydrogen appearing in the gas, plus the total weight of hydrogen appearing in the 
CH4 in the gas, minus the total weight of hydrogen that is not in combination with 
oxygen in the coal. i 

Item 86, therefore, equals 


9 [sews 131 (Item 147-+0.25 Item 148) — Item 51 (Item 62 — % Item "| 
100 
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Item 87. Owing to the difficulty in obtaining the weight of moisture in the gases leaving 
the producer with a proper degree of accuracy by the use of a dryer, it will ordinarily be 
better to use Item 86 for this item. 

Jtem 106. Obtained from gas analysis by weight, Items 144 to 152 inclusive. 


Let A= per cent CO2 Let D = per cent Hz 
#8 = per cent O2 EH = per cent CH4 
C = N2 per cept F = per cent CO 
1 2 3 
C +02= COz c+0O=co H2-+ O = H20 
12+ 32 = 44 12+ 16 = 28 2-+16= 18 
3 8 3 4 J 8 
eae Sees a — = ———— = || 
11 i ll : as AE 7 ; 9 ‘ch 9 


From equation (1), one lb. of CO2 requires x; lb. of O for its for nation 
From (2) one lb. CO requires # lb, of O for its formation. 
The total amount of O appearing in 1 lb. of the gas is therefore 


(ha gtr ta) 


This O comes from that contained in the air, that contained in the coal, and from the 
water decomposed. The oxygen contained in the coal, however, is supposed to be united with 
hydrogen, and is therefore contained in moisture, which has been allowed for in the water de- 
composed. 


Let W = total weight of gas. 
Then the total weight of O used is 


Bhat res) 


Let W2 = weight of wa.er decomposed. From (3), 1 lb. of water decomposed lib- 


erates 3. lb. of O. 


Weight of O supplied by decomposition of water = =. We 


Let W3 = total weight of O supplied by air. 
From the above equation we have, 


(ee yes Ft B)” = 8 we + Ws. 
" 7 1008 


, Ws a8 Sues 
or Ws = A F BIE TE oa ae 
100 ( 11 + 7 +z) Me 


The weight of air used is therefore since the proportion by weight of Oin airis 


Ws 
0.23, 
23, or 


Wie ys | 8 4 8 » | 
pap = =| (att ris)-t m Joe 


= Item 144 + - 
Il 7 
1 
0.23 


The above computation may be made from the weight of nitrogen appearing in the gas. 
The nitrogen comes from the air used and from the nitrogen introduced with the fuel. 
Let (@ per cent = weight of N2 from analysis. 
Let Was before = total weight of gas, 


Therefore Item 106 = [ Hem ( Item 145 + Item 146) 


x Item 87 | .. (6) 
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¥ 


OW 
Then — 100 = total weight of N2in the gas. 


. : Wi 
The weight of N2 supplied by fuel will be ae where W1 equals the total weight of 


dry coal and Ai is the per cent by weight of N2 contained in the coal. We have therefore, 


CW Wim 
100 ~—-:100 


++ W4 


where W4 = total weight of N2 in the air. 
The weight of air supplied is therefore 
Wa CW Will ) 1 . CW-— Wi 
= Ws = = 
0.77 100 100 0.77 77 


or Item 106 = (Item 131 X Item 152 — Item 5! X Ttem 64) Br eae este Pt tMaacel avira sth d Acree eceeee eT anER aD) 
é 


The weight of air derived by formula (6) will be liable to error, due principally to the 
error in the determination of the total quantity of water decomposed, which may be large, 


and also to the neglecting of the SO2 formed. 6 
The weight determined by formula (7) will be in error due principally to the taking of 


the weight of N2 from the analysis by difference. 

The results obtained from formulae (6) and (7) should check within 5 per cent- 

The results obtained by (7) are believed to be more accurate and will be used in all com- 
putations. 

Item 107. This may be obtained direct from the calibration curve of the orifice. It 
should be compared with the two values obtained above. 


Item 108. This will ordinarily be taken from Item 106. 


Item 109 = Hea 
Item 110 = hems. 
Item 11 = wa 
Ttem 112 = heme 


Item 85 = Item 84 + Item 85) ++ Item 85c. 
Item 108 X Item 105 


Item 85b = 100 
_ Item 49 K Item 50 
Ttem 85c 100 
Jtem 88 = Item 85 — Item 87 
Item 89 = trem oi 
Item 85 
_ Item 87 
Item 90 = Tiem 131 
__ Item 87 
Item 91 = Item 51 
Item 87 
Item 92 = Trane 
Item 87 
BE SEEN ores 108 
_ Item 85 
Item 94 = TREE 
Item 85 
Item 9 = TeSHwEL 
Item 8&5 
Item 96 = Item 108 


Item 97 = Observed 
Item 98 = Observed 
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ie ee ee 
Hours 

_ Item 99 

Item 100 = Themed 
Hours 

Item 102 = shen 32 
Hours 

Item 103 = Lem 
Hours 


Item 115 = Item 114 X Item 121 


Item 98 X 0.2205 


Item 116 = Item 115 


100 Item 88 
Item 131 
Ttem 153 The grate efficiency is 100 times theratio of the total B.t.u. inthe fuel minus the 
B.t.u. in the fuel lost through the grate; to the total B.t.u. contained in the fuel. Therefore 
Item 51 X Item 78 X 100 — Item 52 X Item 68 X 14540 
Item 153 = 
Item 51 X Item 78 
Item 154. The hot gas efficiency is 100 times the ratio of the total heat of combustion of the 
gas, plus the sensible heat of the dry gas, plus the total heat containedin moisture in 
the gas to the heat of combustion of the dry coal, plus the heat given by the entering 
air, by the coal as sensible heat, and by the moisture or steam supplied in air. 


( 
Item 154 = 100 ; Item 119 X Item 127 + Item 122 X Item 131 (Item 39 — 62°.) + Item && 


Item 17 = 


{1116 + 0,6 (Item 39 — 212)] + Item 51 X Item 78 + Heat supplied in steam. 


The heat given the producer by air, and sensible heatin coal may be neglected if 
the room temperature is within 20° of the standard temperature 62°. With a producer 
of the contained vaporizer type or one which utilizes the sensible heat of the gas to 
make the steam the term ‘Heat supplied in steam”’ drops out of the equation. 

Item 155. The cold gas efficiency is 100 times the ratio between the total heat of combustion 
of the gas, to the total heat of combustion of the coal plus heat supplied from out- 
Item 119 * Item 127 
Item 51 X Item 78 
_ Item 155 
Item 158 


side sources. Thatis, Item 155 = 100 


The efficiency based on 100 % grate efficiency — 


Tiem 167 = Item 156 < Ttem 49 
“~~ "0.02 X Item 127 
Item 97 X 1000 Item 97 


Zvem 158 = Go's x Item 127 ~ 0.0625 X Item 197 


HEAT BALANCE 


DEBIT 

Item a. Obtained from Item 78. 

Items b, c,d, e, f. Using as a standard the temperature of 62° F., the heat given to the 
producer by the items 0 to finclusive is in most cases negligible. The error at a tem-— 
perature of 100° F’. is less than 1 per cent for a producer of the contained vaporizer type. 
However, the formulas will be given for computation of these items. 

Item 6 = Item 110 X 0.24 ( Item 30— 62° F.) 


Item 850 X(H — 1070 


t = a) = i 
Item ec Them 61 where H = the total heat in 1 1b. saturated 


GARLAND-KRATZ—TESTS OF A SUCTION GAS PRODUCER 9Q1 


steam at the temperature of the fire room. 


Item 49 X Item 50 
100 < Item 51 


Item e = 0.24 X (Item 30 — 62° F..) 


Item a = 


(Item 30 — 62° F.) 


Item 82 ( Item 33 — 62° F.) . 
Item 51 


Item f = 


CREDIT. 
Item a = Item 122 X Item 133 X (Item 39 — 62° F.) 


SS < 
Tien & =e™ ae Item 133 1 (ttem 39 — 212° F.) X 0.6 + 1116] 


Itemec = Item 119 X Item 129 


Tiem 4 = Trem 52 X Item 68 X 145.40 


Item 51 
Item eé This is very smail and may be neglected. 


_ Item 83 wees 
Item f = Tis fi (Item 34 — 62° F.) 


Item g = Sum of Items on debit side — (Item a + Item*d’+ Itemc+ Itemad +Items eand/.) 
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